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Energy/Angular Momentum
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Forming Black Hole Binaries C A R L  R O D R I G U E Z



Common Envelope

Dynamical Formation

Forming Black Hole Binaries C A R L  R O D R I G U E Z



Common Envelope

Dynamical Formation

• Chemically Homogeneous Evolution
• Triples (Lidov-Kozai)

• Stellar triples (field or dynamical)
• Stellar BBH/SMBH

• Primordial black holes
• Highly-eccentric captures in scattering encounters
• Formation in AGN disks
• And many more…
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� = 10 km/s
<latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit>

e = 0.9
<latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit>

m = 30M�
<latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit>

a = 0.4 AU
<latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit>

Tbs ⇡ 40 Myr
<latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit>

Merging Binaries C A R L  R O D R I G U E Z
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n = 106 pc�3
<latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit>

� = 10 km/s
<latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit>

e = 0.9
<latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit>

m = 30M�
<latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit>

a = 0.4 AU
<latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit>

Tbs ⇡ 40 Myr
<latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit>

Merging Binaries C A R L  R O D R I G U E Z
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n = 106 pc�3
<latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit>

� = 10 km/s
<latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit>

e = 0.9
<latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit>

m = 30M�
<latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit>

a = 0.4 AU
<latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit>

Tbs ⇡ 40 Myr
<latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit>

TGW / a4(1� e2)7/2

m1m2M
⇡ 150000 Myr

<latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit>

Merging Binaries C A R L  R O D R I G U E Z



Tbs ⇠ (n⌃v)�1 /

na2�

✓
1 +

GM

2a�2

◆��1

n = 106 pc�3
<latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit>

� = 10 km/s
<latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit>

e = 0.9
<latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit>

m = 30M�
<latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit>

a = 0.4 AU
<latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit>

Tbs ⇡ 40 Myr
<latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit>

TGW / a4(1� e2)7/2

m1m2M
⇡ 150000 Myr

<latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit>

TGW

Tbs
⇠ 4000⇥ (1� e2)7/2 ⇠ 1

<latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="tdLrtBQhuy5jyOUKwJcF8cIYPwE=">AAACH3icbZDNSgMxFIXv1L9aq1a3boIi1IU1U4TqTnShSwVrC522ZNJMG5rMDElGKMO8jxtfxYUutPgyprWCtl4InHtOws39/FhwbTAeO7ml5ZXVtfx6YaO4ubVd2ik+6ChRlNVpJCLV9IlmgoesbrgRrBkrRqQvWMMfXk3yxiNTmkfhvRnFrC1JP+QBp8RYq1u69AJFaHrfTT0l0+tGlmU/ja9tgzzNJTrFGHuGS6bL7jHrVI86ae2kmk0zt1s6wBU8LbQo3Jk4gFnddkuvXi+iiWShoYJo3XJxbNopUYZTwbKCl2gWEzokfdayMiR2bjud7pqhQ+v0UBApe0KDpu7vFymRWo+kb29KYgZ6PpuY/2WtxARn7ZSHcWJYSL8HBYlAJkITcKjHFaNGjKwgVHH7V0QHxMIzFm/BQnDnV14U9WrlvILvMORhD/ahDC7U4AJu4BbqQOEJXuAdPpxn580Zf9PKOTNsu/CnnM8vlXWlQw==</latexit><latexit sha1_base64="KPyBd/zGYHh+VqyYxJRzGzQFpIE="></latexit><latexit sha1_base64="jazYQ81jM9zznGYBp75/Ws/gPiQ="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit>

Merging Binaries C A R L  R O D R I G U E Z



Tbs ⇠ (n⌃v)�1 /

na2�

✓
1 +

GM

2a�2

◆��1

n = 106 pc�3
<latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit>

� = 10 km/s
<latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit>

e = 0.9
<latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit>

m = 30M�
<latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit>

a = 0.4 AU
<latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit>

Tbs ⇡ 40 Myr
<latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit>

TGW / a4(1� e2)7/2

m1m2M
⇡ 150000 Myr

<latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit>

TGW

Tbs
⇠ 4000⇥ (1� e2)7/2 ⇠ 1

<latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="tdLrtBQhuy5jyOUKwJcF8cIYPwE=">AAACH3icbZDNSgMxFIXv1L9aq1a3boIi1IU1U4TqTnShSwVrC522ZNJMG5rMDElGKMO8jxtfxYUutPgyprWCtl4InHtOws39/FhwbTAeO7ml5ZXVtfx6YaO4ubVd2ik+6ChRlNVpJCLV9IlmgoesbrgRrBkrRqQvWMMfXk3yxiNTmkfhvRnFrC1JP+QBp8RYq1u69AJFaHrfTT0l0+tGlmU/ja9tgzzNJTrFGHuGS6bL7jHrVI86ae2kmk0zt1s6wBU8LbQo3Jk4gFnddkuvXi+iiWShoYJo3XJxbNopUYZTwbKCl2gWEzokfdayMiR2bjud7pqhQ+v0UBApe0KDpu7vFymRWo+kb29KYgZ6PpuY/2WtxARn7ZSHcWJYSL8HBYlAJkITcKjHFaNGjKwgVHH7V0QHxMIzFm/BQnDnV14U9WrlvILvMORhD/ahDC7U4AJu4BbqQOEJXuAdPpxn580Zf9PKOTNsu/CnnM8vlXWlQw==</latexit><latexit sha1_base64="KPyBd/zGYHh+VqyYxJRzGzQFpIE="></latexit><latexit sha1_base64="jazYQ81jM9zznGYBp75/Ws/gPiQ="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit>

Merging Binaries C A R L  R O D R I G U E Z



Tbs ⇠ (n⌃v)�1 /

na2�

✓
1 +

GM

2a�2

◆��1

n = 106 pc�3
<latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit>

� = 10 km/s
<latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit>

e = 0.9
<latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit><latexit sha1_base64="+8IQcmx78MaCcVCFsj+bpVFggx0=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgapgpVacLoejGZQXHFtqhZNJMG5rJDElGKKUf4caFilv/x51/Y6YtotYDCSfn3EvuPWHKmdKO82kVVlbX1jeKm6Wt7Z3dvfL+wb1KMkmoTxKeyHaIFeVMUF8zzWk7lRTHIaetcHSd+60HKhVLxJ0epzSI8UCwiBGsjdSi6BI5dr1Xrpi7XvPOvPzpnXtuFbm2M8M3qcACzV75o9tPSBZToQnHSnVcJ9XBBEvNCKfTUjdTNMVkhAe0Y6jAMVXBZDbuFJ0YpY+iRJojNJqpPzsmOFZqHIemMsZ6qP56ufif18l05AUTJtJMU0HmH0UZRzpB+e6ozyQlmo8NwUQyMysiQywx0SahkglhaeVl4lftuu3c1iqNq0UaRTiCYzgFFy6gATfQBB8IjOARnuHFSq0n69V6m5cWrEXPIfyC9f4FLYKOWg==</latexit>

m = 30M�
<latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit>

a = 0.4 AU
<latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit>

Tbs ⇡ 40 Myr
<latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit>

TGW / a4(1� e2)7/2

m1m2M
⇡ 150000 Myr

<latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit>

TGW

Tbs
⇠ 4000⇥ (1� e2)7/2 ⇠ 1

<latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="tdLrtBQhuy5jyOUKwJcF8cIYPwE=">AAACH3icbZDNSgMxFIXv1L9aq1a3boIi1IU1U4TqTnShSwVrC522ZNJMG5rMDElGKMO8jxtfxYUutPgyprWCtl4InHtOws39/FhwbTAeO7ml5ZXVtfx6YaO4ubVd2ik+6ChRlNVpJCLV9IlmgoesbrgRrBkrRqQvWMMfXk3yxiNTmkfhvRnFrC1JP+QBp8RYq1u69AJFaHrfTT0l0+tGlmU/ja9tgzzNJTrFGHuGS6bL7jHrVI86ae2kmk0zt1s6wBU8LbQo3Jk4gFnddkuvXi+iiWShoYJo3XJxbNopUYZTwbKCl2gWEzokfdayMiR2bjud7pqhQ+v0UBApe0KDpu7vFymRWo+kb29KYgZ6PpuY/2WtxARn7ZSHcWJYSL8HBYlAJkITcKjHFaNGjKwgVHH7V0QHxMIzFm/BQnDnV14U9WrlvILvMORhD/ahDC7U4AJu4BbqQOEJXuAdPpxn580Zf9PKOTNsu/CnnM8vlXWlQw==</latexit><latexit sha1_base64="KPyBd/zGYHh+VqyYxJRzGzQFpIE="></latexit><latexit sha1_base64="jazYQ81jM9zznGYBp75/Ws/gPiQ="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit>

Merging Binaries C A R L  R O D R I G U E Z



Tbs ⇠ (n⌃v)�1 /

na2�

✓
1 +

GM

2a�2

◆��1

P (e)de = 2e

n = 106 pc�3
<latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit>

� = 10 km/s
<latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit>

m = 30M�
<latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit>

a = 0.4 AU
<latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit>

Tbs ⇡ 40 Myr
<latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit>

TGW / a4(1� e2)7/2

m1m2M
⇡ 150000 Myr

<latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit>

e = 0.95
<latexit sha1_base64="tZc58Lqanwnjgemp4RWAOnaVuLc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CqmktD0IRS8eKxhbaEPZbDft0s0m7m6EEvonvHhQ8erv8ea/cdOWoqIPln28N8PMvCDhTGnH+bRWVtfWNzYLW8Xtnd29/dLB4Z2KU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHyV++0HKhWLxa2eJNSP8FCwkBGsjdSh6AI5dqPaL5XNV6u6bh1VbGeG3DBwG0ulDAu0+qWP3iAmaUSFJhwr1a04ifYzLDUjnE6LvVTRBJMxHtKuoQJHVPnZbN8pOjXKAIWxNE9oNFO/d2Q4UmoSBaYywnqkfnu5+JfXTXVY9zMmklRTQeaDwpQjHaP8eDRgkhLNJ4ZgIpnZFZERlphoE1HRhLC8/X/indsN27lxy83LRRoFOIYTOIMK1KAJ19ACDwhweIRneLHurSfr1Xqbl65Yi54j+AHr/QuvDo6i</latexit><latexit sha1_base64="tZc58Lqanwnjgemp4RWAOnaVuLc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CqmktD0IRS8eKxhbaEPZbDft0s0m7m6EEvonvHhQ8erv8ea/cdOWoqIPln28N8PMvCDhTGnH+bRWVtfWNzYLW8Xtnd29/dLB4Z2KU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHyV++0HKhWLxa2eJNSP8FCwkBGsjdSh6AI5dqPaL5XNV6u6bh1VbGeG3DBwG0ulDAu0+qWP3iAmaUSFJhwr1a04ifYzLDUjnE6LvVTRBJMxHtKuoQJHVPnZbN8pOjXKAIWxNE9oNFO/d2Q4UmoSBaYywnqkfnu5+JfXTXVY9zMmklRTQeaDwpQjHaP8eDRgkhLNJ4ZgIpnZFZERlphoE1HRhLC8/X/indsN27lxy83LRRoFOIYTOIMK1KAJ19ACDwhweIRneLHurSfr1Xqbl65Yi54j+AHr/QuvDo6i</latexit><latexit sha1_base64="tZc58Lqanwnjgemp4RWAOnaVuLc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CqmktD0IRS8eKxhbaEPZbDft0s0m7m6EEvonvHhQ8erv8ea/cdOWoqIPln28N8PMvCDhTGnH+bRWVtfWNzYLW8Xtnd29/dLB4Z2KU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHyV++0HKhWLxa2eJNSP8FCwkBGsjdSh6AI5dqPaL5XNV6u6bh1VbGeG3DBwG0ulDAu0+qWP3iAmaUSFJhwr1a04ifYzLDUjnE6LvVTRBJMxHtKuoQJHVPnZbN8pOjXKAIWxNE9oNFO/d2Q4UmoSBaYywnqkfnu5+JfXTXVY9zMmklRTQeaDwpQjHaP8eDRgkhLNJ4ZgIpnZFZERlphoE1HRhLC8/X/indsN27lxy83LRRoFOIYTOIMK1KAJ19ACDwhweIRneLHurSfr1Xqbl65Yi54j+AHr/QuvDo6i</latexit>

TGW

Tbs
⇠ 4000⇥ (1� e2)7/2 ⇠ 1

<latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="tdLrtBQhuy5jyOUKwJcF8cIYPwE=">AAACH3icbZDNSgMxFIXv1L9aq1a3boIi1IU1U4TqTnShSwVrC522ZNJMG5rMDElGKMO8jxtfxYUutPgyprWCtl4InHtOws39/FhwbTAeO7ml5ZXVtfx6YaO4ubVd2ik+6ChRlNVpJCLV9IlmgoesbrgRrBkrRqQvWMMfXk3yxiNTmkfhvRnFrC1JP+QBp8RYq1u69AJFaHrfTT0l0+tGlmU/ja9tgzzNJTrFGHuGS6bL7jHrVI86ae2kmk0zt1s6wBU8LbQo3Jk4gFnddkuvXi+iiWShoYJo3XJxbNopUYZTwbKCl2gWEzokfdayMiR2bjud7pqhQ+v0UBApe0KDpu7vFymRWo+kb29KYgZ6PpuY/2WtxARn7ZSHcWJYSL8HBYlAJkITcKjHFaNGjKwgVHH7V0QHxMIzFm/BQnDnV14U9WrlvILvMORhD/ahDC7U4AJu4BbqQOEJXuAdPpxn580Zf9PKOTNsu/CnnM8vlXWlQw==</latexit><latexit sha1_base64="KPyBd/zGYHh+VqyYxJRzGzQFpIE="></latexit><latexit sha1_base64="jazYQ81jM9zznGYBp75/Ws/gPiQ="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit>

Merging Binaries C A R L  R O D R I G U E Z



Tbs ⇠ (n⌃v)�1 /

na2�

✓
1 +

GM

2a�2

◆��1

P (e)de = 2e

n = 106 pc�3
<latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit>

� = 10 km/s
<latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit>

m = 30M�
<latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit>

a = 0.4 AU
<latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit>

Tbs ⇡ 40 Myr
<latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit>

TGW / a4(1� e2)7/2

m1m2M
⇡ 150000 Myr

<latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit>

e = 0.95
<latexit sha1_base64="tZc58Lqanwnjgemp4RWAOnaVuLc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CqmktD0IRS8eKxhbaEPZbDft0s0m7m6EEvonvHhQ8erv8ea/cdOWoqIPln28N8PMvCDhTGnH+bRWVtfWNzYLW8Xtnd29/dLB4Z2KU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHyV++0HKhWLxa2eJNSP8FCwkBGsjdSh6AI5dqPaL5XNV6u6bh1VbGeG3DBwG0ulDAu0+qWP3iAmaUSFJhwr1a04ifYzLDUjnE6LvVTRBJMxHtKuoQJHVPnZbN8pOjXKAIWxNE9oNFO/d2Q4UmoSBaYywnqkfnu5+JfXTXVY9zMmklRTQeaDwpQjHaP8eDRgkhLNJ4ZgIpnZFZERlphoE1HRhLC8/X/indsN27lxy83LRRoFOIYTOIMK1KAJ19ACDwhweIRneLHurSfr1Xqbl65Yi54j+AHr/QuvDo6i</latexit><latexit sha1_base64="tZc58Lqanwnjgemp4RWAOnaVuLc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CqmktD0IRS8eKxhbaEPZbDft0s0m7m6EEvonvHhQ8erv8ea/cdOWoqIPln28N8PMvCDhTGnH+bRWVtfWNzYLW8Xtnd29/dLB4Z2KU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHyV++0HKhWLxa2eJNSP8FCwkBGsjdSh6AI5dqPaL5XNV6u6bh1VbGeG3DBwG0ulDAu0+qWP3iAmaUSFJhwr1a04ifYzLDUjnE6LvVTRBJMxHtKuoQJHVPnZbN8pOjXKAIWxNE9oNFO/d2Q4UmoSBaYywnqkfnu5+JfXTXVY9zMmklRTQeaDwpQjHaP8eDRgkhLNJ4ZgIpnZFZERlphoE1HRhLC8/X/indsN27lxy83LRRoFOIYTOIMK1KAJ19ACDwhweIRneLHurSfr1Xqbl65Yi54j+AHr/QuvDo6i</latexit><latexit sha1_base64="tZc58Lqanwnjgemp4RWAOnaVuLc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CqmktD0IRS8eKxhbaEPZbDft0s0m7m6EEvonvHhQ8erv8ea/cdOWoqIPln28N8PMvCDhTGnH+bRWVtfWNzYLW8Xtnd29/dLB4Z2KU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHyV++0HKhWLxa2eJNSP8FCwkBGsjdSh6AI5dqPaL5XNV6u6bh1VbGeG3DBwG0ulDAu0+qWP3iAmaUSFJhwr1a04ifYzLDUjnE6LvVTRBJMxHtKuoQJHVPnZbN8pOjXKAIWxNE9oNFO/d2Q4UmoSBaYywnqkfnu5+JfXTXVY9zMmklRTQeaDwpQjHaP8eDRgkhLNJ4ZgIpnZFZERlphoE1HRhLC8/X/indsN27lxy83LRRoFOIYTOIMK1KAJ19ACDwhweIRneLHurSfr1Xqbl65Yi54j+AHr/QuvDo6i</latexit>

TGW

Tbs
⇠ 4000⇥ (1� e2)7/2 ⇠ 1

<latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="tdLrtBQhuy5jyOUKwJcF8cIYPwE=">AAACH3icbZDNSgMxFIXv1L9aq1a3boIi1IU1U4TqTnShSwVrC522ZNJMG5rMDElGKMO8jxtfxYUutPgyprWCtl4InHtOws39/FhwbTAeO7ml5ZXVtfx6YaO4ubVd2ik+6ChRlNVpJCLV9IlmgoesbrgRrBkrRqQvWMMfXk3yxiNTmkfhvRnFrC1JP+QBp8RYq1u69AJFaHrfTT0l0+tGlmU/ja9tgzzNJTrFGHuGS6bL7jHrVI86ae2kmk0zt1s6wBU8LbQo3Jk4gFnddkuvXi+iiWShoYJo3XJxbNopUYZTwbKCl2gWEzokfdayMiR2bjud7pqhQ+v0UBApe0KDpu7vFymRWo+kb29KYgZ6PpuY/2WtxARn7ZSHcWJYSL8HBYlAJkITcKjHFaNGjKwgVHH7V0QHxMIzFm/BQnDnV14U9WrlvILvMORhD/ahDC7U4AJu4BbqQOEJXuAdPpxn580Zf9PKOTNsu/CnnM8vlXWlQw==</latexit><latexit sha1_base64="KPyBd/zGYHh+VqyYxJRzGzQFpIE="></latexit><latexit sha1_base64="jazYQ81jM9zznGYBp75/Ws/gPiQ="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit>

Merging Binaries C A R L  R O D R I G U E Z



Tbs ⇠ (n⌃v)�1 /

na2�

✓
1 +

GM

2a�2

◆��1

P (e)de = 2e

n = 106 pc�3
<latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit><latexit sha1_base64="yX9NLxuH2FynzOmfkO/G81oD9WY=">AAAB/XicbVDLSgMxFM3UV62vUXHlJlgEN5aZWut0IRTduKxgbaEvMmnahiaZIckIZRjxV9y4UHHrf7jzb0wfiFoPXDiccy/33uOHjCrtOJ9WamFxaXklvZpZW9/Y3LK3d25VEElMqjhggaz7SBFGBalqqhmph5Ig7jNS84eXY792R6SigbjRo5C0OOoL2qMYaSN17D0Bz6HrtIv3TcnjECft+Pgk6dhZJ1cqFbxTDxriFT03D92cM8E3yYIZKh37o9kNcMSJ0JghpRquE+pWjKSmmJEk04wUCREeoj5pGCoQJ6oVT85P4KFRurAXSFNCw4n6cyJGXKkR900nR3qg/npj8T+vEeme14qpCCNNBJ4u6kUM6gCOs4BdKgnWbGQIwpKaWyEeIImwNollTAhzL8+Taj5XyjnXhWz5YpZGGuyDA3AEXHAGyuAKVEAVYBCDR/AMXqwH68l6td6mrSlrNrMLfsF6/wJqLJS4</latexit>

� = 10 km/s
<latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit><latexit sha1_base64="pMAGHrfbqqwUDshrTH60hAttdr4=">AAAB/XicbVDLSsNAFJ3UV62vqLhyM1gEVzEpVdOFUHTjsoKxhSaUyXTSDp1JwsxEKKHir7hxoeLW/3Dn3zh9IGo9cOFwzr3ce0+YMiqVbX8ahYXFpeWV4mppbX1jc8vc3rmVSSYw8XDCEtEKkSSMxsRTVDHSSgVBPGSkGQ4ux37zjghJk/hGDVMScNSLaUQxUlrqmHu+pD2O4Dl07Htf8HzAj+WoY5Ztq1aruicu1MQ9dZ0KdCx7gm9SBjM0OuaH301wxkmsMENSth07VUGOhKKYkVHJzyRJER6gHmlrGiNOZJBPzh/BQ610YZQIXbGCE/XnRI64lEMe6k6OVF/+9cbif147U5Eb5DROM0ViPF0UZQyqBI6zgF0qCFZsqAnCgupbIe4jgbDSiZV0CHMvzxOvYtUs+7parl/M0iiCfXAAjoADzkAdXIEG8AAGOXgEz+DFeDCejFfjbdpaMGYzu+AXjPcv/MCVFA==</latexit>

m = 30M�
<latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit><latexit sha1_base64="hSoIa7RBxSdLTXndwTk3TL5rUs8=">AAAB93icdZDLSgMxFIYz9VbrpaMu3QSL4GrIaLXtQii6cSNUcGyhLSWTybShmcmQZIQ69EncuFBx66u4821MLxQV/SFw+P5zOCe/n3CmNEKfVm5peWV1Lb9e2Njc2i7aO7t3SqSSUI8ILmTLx4pyFlNPM81pK5EURz6nTX94OfGb91QqJuJbPUpoN8L9mIWMYG1Qzy5G8ByeoOte1hGB0OOeXUJOrXp6UnGh66CpoCFldIZqC1ICczV69kcnECSNaKwJx0q1XZToboalZoTTcaGTKppgMsR92jZljCOqutn08DE8NCSAoZDmxRpO6feJDEdKjSLfdEZYD9RvbwL/8tqpDqvdjMVJqmlMZovClEMt4CQFGDBJieYjU2AimbkVkgGWmGiTVcGEsPj7/4V37NQcdFMu1S/maeTBPjgAR8AFFVAHV6ABPEBACh7BM3ixHqwn69V6m7XmrPnMHvgh6/0LJuuSVQ==</latexit>

a = 0.4 AU
<latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit><latexit sha1_base64="MtHz+pBcEI4s3Q/aHpp6vd6Lhjs=">AAAB93icdVDLSsNAFJ3UV62PRl26GSyCq5BKpM1CqLpxWcHYQhvKZDpph85MwsxEqKH+iBsXKm79FXf+jdMHoqIHLhzOuZd774lSRpV23Q+rsLS8srpWXC9tbG5tl+2d3RuVZBKTACcske0IKcKoIIGmmpF2KgniESOtaHQx9Vu3RCqaiGs9TknI0UDQmGKkjdSzywieQtfx7ruS52fBpGdXXMevnXheHVYddwbj+wae/6VUwALNnv3e7Sc440RozJBSnaqb6jBHUlPMyKTUzRRJER6hAekYKhAnKsxnh0/goVH6ME6kKaHhTP0+kSOu1JhHppMjPVS/van4l9fJdFwPcyrSTBOB54vijEGdwGkKsE8lwZqNDUFYUnMrxEMkEdYmq5IJ4ev3/0lw7PiOe+VVGueLNIpgHxyAI1AFNdAAl6AJAoBBBh7AE3i27qxH68V6nbcWrMXMHvgB6+0T1hmSIg==</latexit>

Tbs ⇡ 40 Myr
<latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit><latexit sha1_base64="IsS0jN3Z/33uMrZcpc9wTegAs8U=">AAACB3icdZDLSsNAFIYnXmu9RV26cLAIrkIqkba7ohs3QoXGFtoQJtNJO3RyYWYihhB3bnwVNy5U3PoK7nwbJ20pKvrDwOH7z+HM+b2YUSFN81NbWFxaXlktrZXXNza3tvWd3WsRJRwTG0cs4l0PCcJoSGxJJSPdmBMUeIx0vPF54XduCBc0CtsyjYkToGFIfYqRVMjVD9pu1udB5ok8h30Uxzy6hZZ5V7DLlOeuXjGNRu3UsuqwapgTQUWUrMacVMBMLVf/6A8inAQklJghIXpVM5ZOhrikmJG83E8EiREeoyHpqTJEARFONjkkh0eKDKAfcfVCCSf0+0SGAiHSwFOdAZIj8dsr4F9eL5F+3cloGCeShHi6yE8YlBEsUoEDygmWLFUFwpyqv0I8QhxhqbIrqxDmt/9f2CdGwzCvrErzbJZGCeyDQ3AMqqAGmuACtIANMLgHj+AZvGgP2pP2qr1NWxe02cwe+CHt/QsZ0JpB</latexit>

TGW / a4(1� e2)7/2

m1m2M
⇡ 150000 Myr

<latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit><latexit sha1_base64="iz3MAddZx1nf9UCoeD4R6Iv3Cok="></latexit>

e = 0.95
<latexit sha1_base64="tZc58Lqanwnjgemp4RWAOnaVuLc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CqmktD0IRS8eKxhbaEPZbDft0s0m7m6EEvonvHhQ8erv8ea/cdOWoqIPln28N8PMvCDhTGnH+bRWVtfWNzYLW8Xtnd29/dLB4Z2KU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHyV++0HKhWLxa2eJNSP8FCwkBGsjdSh6AI5dqPaL5XNV6u6bh1VbGeG3DBwG0ulDAu0+qWP3iAmaUSFJhwr1a04ifYzLDUjnE6LvVTRBJMxHtKuoQJHVPnZbN8pOjXKAIWxNE9oNFO/d2Q4UmoSBaYywnqkfnu5+JfXTXVY9zMmklRTQeaDwpQjHaP8eDRgkhLNJ4ZgIpnZFZERlphoE1HRhLC8/X/indsN27lxy83LRRoFOIYTOIMK1KAJ19ACDwhweIRneLHurSfr1Xqbl65Yi54j+AHr/QuvDo6i</latexit><latexit sha1_base64="tZc58Lqanwnjgemp4RWAOnaVuLc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CqmktD0IRS8eKxhbaEPZbDft0s0m7m6EEvonvHhQ8erv8ea/cdOWoqIPln28N8PMvCDhTGnH+bRWVtfWNzYLW8Xtnd29/dLB4Z2KU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHyV++0HKhWLxa2eJNSP8FCwkBGsjdSh6AI5dqPaL5XNV6u6bh1VbGeG3DBwG0ulDAu0+qWP3iAmaUSFJhwr1a04ifYzLDUjnE6LvVTRBJMxHtKuoQJHVPnZbN8pOjXKAIWxNE9oNFO/d2Q4UmoSBaYywnqkfnu5+JfXTXVY9zMmklRTQeaDwpQjHaP8eDRgkhLNJ4ZgIpnZFZERlphoE1HRhLC8/X/indsN27lxy83LRRoFOIYTOIMK1KAJ19ACDwhweIRneLHurSfr1Xqbl65Yi54j+AHr/QuvDo6i</latexit><latexit sha1_base64="tZc58Lqanwnjgemp4RWAOnaVuLc=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4CqmktD0IRS8eKxhbaEPZbDft0s0m7m6EEvonvHhQ8erv8ea/cdOWoqIPln28N8PMvCDhTGnH+bRWVtfWNzYLW8Xtnd29/dLB4Z2KU0moR2Iey06AFeVMUE8zzWknkRRHAaftYHyV++0HKhWLxa2eJNSP8FCwkBGsjdSh6AI5dqPaL5XNV6u6bh1VbGeG3DBwG0ulDAu0+qWP3iAmaUSFJhwr1a04ifYzLDUjnE6LvVTRBJMxHtKuoQJHVPnZbN8pOjXKAIWxNE9oNFO/d2Q4UmoSBaYywnqkfnu5+JfXTXVY9zMmklRTQeaDwpQjHaP8eDRgkhLNJ4ZgIpnZFZERlphoE1HRhLC8/X/indsN27lxy83LRRoFOIYTOIMK1KAJ19ACDwhweIRneLHurSfr1Xqbl65Yi54j+AHr/QuvDo6i</latexit>

TGW

Tbs
⇠ 4000⇥ (1� e2)7/2 ⇠ 1

<latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="tdLrtBQhuy5jyOUKwJcF8cIYPwE=">AAACH3icbZDNSgMxFIXv1L9aq1a3boIi1IU1U4TqTnShSwVrC522ZNJMG5rMDElGKMO8jxtfxYUutPgyprWCtl4InHtOws39/FhwbTAeO7ml5ZXVtfx6YaO4ubVd2ik+6ChRlNVpJCLV9IlmgoesbrgRrBkrRqQvWMMfXk3yxiNTmkfhvRnFrC1JP+QBp8RYq1u69AJFaHrfTT0l0+tGlmU/ja9tgzzNJTrFGHuGS6bL7jHrVI86ae2kmk0zt1s6wBU8LbQo3Jk4gFnddkuvXi+iiWShoYJo3XJxbNopUYZTwbKCl2gWEzokfdayMiR2bjud7pqhQ+v0UBApe0KDpu7vFymRWo+kb29KYgZ6PpuY/2WtxARn7ZSHcWJYSL8HBYlAJkITcKjHFaNGjKwgVHH7V0QHxMIzFm/BQnDnV14U9WrlvILvMORhD/ahDC7U4AJu4BbqQOEJXuAdPpxn580Zf9PKOTNsu/CnnM8vlXWlQw==</latexit><latexit sha1_base64="KPyBd/zGYHh+VqyYxJRzGzQFpIE="></latexit><latexit sha1_base64="jazYQ81jM9zznGYBp75/Ws/gPiQ="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit><latexit sha1_base64="bAZ+fowJfiGRUovE3cCN1tNdlfU="></latexit>

Merging Binaries C A R L  R O D R I G U E Z



Common Envelope

Dynamical Formation

• Chemically Homogeneous Evolution
• Triples (Lidov-Kozai)

• Stellar triples (field or dynamical)
• Stellar BBH/SMBH

• Primordial black holes
• Highly-eccentric captures in scattering encounters
• Formation in AGN disks
• And many more…
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Common Envelope

Dynamical Formation

• Chemically Homogeneous Evolution
• Triples (Lidov-Kozai)

• Stellar triples (field or dynamical)
• Stellar BBH/SMBH

• Primordial black holes
• Highly-eccentric captures in scattering encounters
• Formation in AGN disks
• And many more…

Masses
Merger Rates
Mass Ratios

Spins
Eccentricities

Masses
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Can relativity tell 
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Energy/Angular 
Momentum
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Energy/Angular 
Momentum

Gravitational 
Waves
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Eccentricity C A R L  R O D R I G U E Z

Lee, Apj 318, 437 (1993) 

Gültiken, Miller, Hamilton 
ApJ 616, 211 (2004) 
ApJ 640, 146 (2006)

Samsing, MacLeod, Ramirez-Ruiz 
ApJ 784,71 (2014) 
ApJ 846,36 (2017) 
ApJ 853,140 (2018) 
+ more

Rodriguez et al.
PRL 120, 15101 (2018a)

PRD, 123, 123005 (2018b)

Zevin, Samsing, Rodriguez, et al. 
ApJ 871, 91 (2019) 



Rodriguez et al., 2018 
PRD, 123, 123005 
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Rodriguez et al., 2018 
PRD, 123, 123005 
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p(✓) ⇠ sin(✓)d✓

✓ ⇠ 0

Black Hole Spins C A R L  R O D R I G U E Z



S⃗2

S⃗1

S⃗= S⃗1+S⃗2
L⃗

θLSχeff

χp

J⃗=L⃗+S⃗
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What if 
most 

black holes have 

low spins?
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R = 0.02 Gpc�3 yr�1
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