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 Binary system

 Modelling GW signal from binary black holes

 Detecting GW signals with ground based observatories



Generation of GWs
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Gravitational waves: can we attach stress energy tensor? Yes, but it is defined as a quantity 
averaged over several (GW) wavelengths.
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Energy loss (energy flux):  shrinking of binary orbit

Angular momentum loss: circularization of a binary 

Levi-Civita antisymmetric symbol



Binary system
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Consider binary system on a circular orbit.

m1 > m2, M = m1 +m2
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z

sin ✓, ê
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y

z
~k

<latexit sha1_base64="Y/iOJIRJuEKjN1FsEPwUQxebKN0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO0F0P/c7E1SaJ/LJTFP0YzqSPOSMGit1+hNkeTQbVGtu3V2ArBOvIDUo0BxUv/rDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyIVVhiRMlC1pyEL9PZHTWOtpHNjOmJqxXvXm4n9eLzPhrZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMIjgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AZ4ij70=</latexit><latexit sha1_base64="Y/iOJIRJuEKjN1FsEPwUQxebKN0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO0F0P/c7E1SaJ/LJTFP0YzqSPOSMGit1+hNkeTQbVGtu3V2ArBOvIDUo0BxUv/rDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyIVVhiRMlC1pyEL9PZHTWOtpHNjOmJqxXvXm4n9eLzPhrZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMIjgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AZ4ij70=</latexit><latexit sha1_base64="Y/iOJIRJuEKjN1FsEPwUQxebKN0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO0F0P/c7E1SaJ/LJTFP0YzqSPOSMGit1+hNkeTQbVGtu3V2ArBOvIDUo0BxUv/rDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyIVVhiRMlC1pyEL9PZHTWOtpHNjOmJqxXvXm4n9eLzPhrZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMIjgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AZ4ij70=</latexit><latexit sha1_base64="Y/iOJIRJuEKjN1FsEPwUQxebKN0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbtkswm7m0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6WNza3tnfJuZW//4PCoenzS1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO0F0P/c7E1SaJ/LJTFP0YzqSPOSMGit1+hNkeTQbVGtu3V2ArBOvIDUo0BxUv/rDhGUxSsME1brnuanxc6oMZwJnlX6mMaUsoiPsWSppjNrPF+fOyIVVhiRMlC1pyEL9PZHTWOtpHNjOmJqxXvXm4n9eLzPhrZ9zmWYGJVsuCjNBTELmv5MhV8iMmFpCmeL2VsLGVFFmbEIVG4K3+vI6aV/VPbfuPV7XGndFHGU4g3O4BA9uoAEP0IQWMIjgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AZ4ij70=</latexit>

✓d
<latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit><latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit><latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit><latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit>

�0
<latexit sha1_base64="yIqEwtmL7sIQwXzTYSPqj/Vc97w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPb9XrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fOcKO4g==</latexit><latexit sha1_base64="yIqEwtmL7sIQwXzTYSPqj/Vc97w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPb9XrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fOcKO4g==</latexit><latexit sha1_base64="yIqEwtmL7sIQwXzTYSPqj/Vc97w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPb9XrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fOcKO4g==</latexit><latexit sha1_base64="yIqEwtmL7sIQwXzTYSPqj/Vc97w=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikcSSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLiPb9XrvhVfw6ySoKcVCBHvVf+6vYVS2OUlglqTCfwExtmVFvOBE5L3dRgQtmYDrHjqKQxmjCbXzslZ07pk4HSrqQlc/X3REZjYyZx5Dpjakdm2ZuJ/3md1A6uw4zLJLUo2WLRIBXEKjJ7nfS5RmbFxBHKNHe3EjaimjLrAiq5EILll1dJ86Ia+NXg/rJSu8njKMIJnMI5BHAFNbiDOjSAwSM8wyu8ecp78d69j0VrwctnjuEPvM8fOcKO4g==</latexit>

~L
<latexit sha1_base64="gmrDWVZOhNZajoLl+aX9luNDE7M=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIigvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMseZv1yxa26C5B14uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4KzUSzUmlI3pELuWShqh9rPFuTNyYZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjjZ1wmqUHJlovCVBATk/nvZMAVMiOmllCmuL2VsBFVlBmbUMmG4K2+vE5aV1XPrXqP15X6bR5HEc7gHC7BgxrU4R4a0AQGY3iGV3hzEufFeXc+lq0FJ585hT9wPn8AbwePng==</latexit><latexit sha1_base64="gmrDWVZOhNZajoLl+aX9luNDE7M=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIigvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMseZv1yxa26C5B14uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4KzUSzUmlI3pELuWShqh9rPFuTNyYZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjjZ1wmqUHJlovCVBATk/nvZMAVMiOmllCmuL2VsBFVlBmbUMmG4K2+vE5aV1XPrXqP15X6bR5HEc7gHC7BgxrU4R4a0AQGY3iGV3hzEufFeXc+lq0FJ585hT9wPn8AbwePng==</latexit><latexit sha1_base64="gmrDWVZOhNZajoLl+aX9luNDE7M=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIigvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMseZv1yxa26C5B14uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4KzUSzUmlI3pELuWShqh9rPFuTNyYZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjjZ1wmqUHJlovCVBATk/nvZMAVMiOmllCmuL2VsBFVlBmbUMmG4K2+vE5aV1XPrXqP15X6bR5HEc7gHC7BgxrU4R4a0AQGY3iGV3hzEufFeXc+lq0FJ585hT9wPn8AbwePng==</latexit><latexit sha1_base64="gmrDWVZOhNZajoLl+aX9luNDE7M=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIigvmA5Ah7m7lkyd7esbsXCEd+hI2FIrb+Hjv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47u5356g0jyWT2aaoB/RoeQhZ9RYqd2bIMseZv1yxa26C5B14uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4KzUSzUmlI3pELuWShqh9rPFuTNyYZUBCWNlSxqyUH9PZDTSehoFtjOiZqRXvbn4n9dNTXjjZ1wmqUHJlovCVBATk/nvZMAVMiOmllCmuL2VsBFVlBmbUMmG4K2+vE5aV1XPrXqP15X6bR5HEc7gHC7BgxrU4R4a0AQGY3iGV3hzEufFeXc+lq0FJ585hT9wPn8AbwePng==</latexit>

 Inclination: angle between orb. angular momentum and 
propagation direction (    ), alternatively                       angle 

between  L and direction to the source.                
✓d

<latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit><latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit><latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit><latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit>

◆ = ⇡ � ✓d
<latexit sha1_base64="/k2/p9I7uqo4queP3Ys1Topokr0=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8GJJRNCLUPTisYL9gCaEzWbTLt1swu5EKLUH/4oXD4p49W9489+4bXPQ1gcDj/dmmJkXZoJrcJxvq7S0vLK6Vl6vbGxube/Yu3stneaKsiZNRao6IdFMcMmawEGwTqYYSULB2uHgZuK3H5jSPJX3MMyYn5Ce5DGnBIwU2AceT4HgK+xlHJ9iD/oMSBAFdtWpOVPgReIWpIoKNAL7y4tSmidMAhVE667rZOCPiAJOBRtXvFyzjNAB6bGuoZIkTPuj6f1jfGyUCMepMiUBT9XfEyOSaD1MQtOZEOjreW8i/ud1c4gv/RGXWQ5M0tmiOBcYUjwJA0dcMQpiaAihiptbMe0TRSiYyComBHf+5UXSOqu5Ts29O6/Wr4s4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76A+szx8mlpTk</latexit><latexit sha1_base64="/k2/p9I7uqo4queP3Ys1Topokr0=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8GJJRNCLUPTisYL9gCaEzWbTLt1swu5EKLUH/4oXD4p49W9489+4bXPQ1gcDj/dmmJkXZoJrcJxvq7S0vLK6Vl6vbGxube/Yu3stneaKsiZNRao6IdFMcMmawEGwTqYYSULB2uHgZuK3H5jSPJX3MMyYn5Ce5DGnBIwU2AceT4HgK+xlHJ9iD/oMSBAFdtWpOVPgReIWpIoKNAL7y4tSmidMAhVE667rZOCPiAJOBRtXvFyzjNAB6bGuoZIkTPuj6f1jfGyUCMepMiUBT9XfEyOSaD1MQtOZEOjreW8i/ud1c4gv/RGXWQ5M0tmiOBcYUjwJA0dcMQpiaAihiptbMe0TRSiYyComBHf+5UXSOqu5Ts29O6/Wr4s4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76A+szx8mlpTk</latexit><latexit sha1_base64="/k2/p9I7uqo4queP3Ys1Topokr0=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8GJJRNCLUPTisYL9gCaEzWbTLt1swu5EKLUH/4oXD4p49W9489+4bXPQ1gcDj/dmmJkXZoJrcJxvq7S0vLK6Vl6vbGxube/Yu3stneaKsiZNRao6IdFMcMmawEGwTqYYSULB2uHgZuK3H5jSPJX3MMyYn5Ce5DGnBIwU2AceT4HgK+xlHJ9iD/oMSBAFdtWpOVPgReIWpIoKNAL7y4tSmidMAhVE667rZOCPiAJOBRtXvFyzjNAB6bGuoZIkTPuj6f1jfGyUCMepMiUBT9XfEyOSaD1MQtOZEOjreW8i/ud1c4gv/RGXWQ5M0tmiOBcYUjwJA0dcMQpiaAihiptbMe0TRSiYyComBHf+5UXSOqu5Ts29O6/Wr4s4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76A+szx8mlpTk</latexit><latexit sha1_base64="/k2/p9I7uqo4queP3Ys1Topokr0=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8GJJRNCLUPTisYL9gCaEzWbTLt1swu5EKLUH/4oXD4p49W9489+4bXPQ1gcDj/dmmJkXZoJrcJxvq7S0vLK6Vl6vbGxube/Yu3stneaKsiZNRao6IdFMcMmawEGwTqYYSULB2uHgZuK3H5jSPJX3MMyYn5Ce5DGnBIwU2AceT4HgK+xlHJ9iD/oMSBAFdtWpOVPgReIWpIoKNAL7y4tSmidMAhVE667rZOCPiAJOBRtXvFyzjNAB6bGuoZIkTPuj6f1jfGyUCMepMiUBT9XfEyOSaD1MQtOZEOjreW8i/ud1c4gv/RGXWQ5M0tmiOBcYUjwJA0dcMQpiaAihiptbMe0TRSiYyComBHf+5UXSOqu5Ts29O6/Wr4s4yugQHaET5KILVEe3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVkFTP76A+szx8mlpTk</latexit>

 Distance to the source: luminosity distance R = DL
<latexit sha1_base64="f279FzfrdR8025m3jvUnKNJ7/gY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0I2ghBLSwsopgPSI6wt5lLluztHbt7QjjyI2wsFLH199j5b9wkV2jig4HHezPMzAsSwbVx3W9naXlldW29sFHc3Nre2S3t7Td0nCqGdRaLWLUCqlFwiXXDjcBWopBGgcBmMLye+M0nVJrH8tGMEvQj2pc85IwaKzUfyCW56d51S2W34k5BFomXkzLkqHVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sWypphNrPpueOybFVeiSMlS1pyFT9PZHRSOtRFNjOiJqBnvcm4n9eOzXhhZ9xmaQGJZstClNBTEwmv5MeV8iMGFlCmeL2VsIGVFFmbEJFG4I3//IiaZxWPLfi3Z+Vq1d5HAU4hCM4AQ/OoQq3UIM6MBjCM7zCm5M4L8678zFrXXLymQP4A+fzB7a7jn4=</latexit><latexit sha1_base64="f279FzfrdR8025m3jvUnKNJ7/gY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0I2ghBLSwsopgPSI6wt5lLluztHbt7QjjyI2wsFLH199j5b9wkV2jig4HHezPMzAsSwbVx3W9naXlldW29sFHc3Nre2S3t7Td0nCqGdRaLWLUCqlFwiXXDjcBWopBGgcBmMLye+M0nVJrH8tGMEvQj2pc85IwaKzUfyCW56d51S2W34k5BFomXkzLkqHVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sWypphNrPpueOybFVeiSMlS1pyFT9PZHRSOtRFNjOiJqBnvcm4n9eOzXhhZ9xmaQGJZstClNBTEwmv5MeV8iMGFlCmeL2VsIGVFFmbEJFG4I3//IiaZxWPLfi3Z+Vq1d5HAU4hCM4AQ/OoQq3UIM6MBjCM7zCm5M4L8678zFrXXLymQP4A+fzB7a7jn4=</latexit><latexit sha1_base64="f279FzfrdR8025m3jvUnKNJ7/gY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0I2ghBLSwsopgPSI6wt5lLluztHbt7QjjyI2wsFLH199j5b9wkV2jig4HHezPMzAsSwbVx3W9naXlldW29sFHc3Nre2S3t7Td0nCqGdRaLWLUCqlFwiXXDjcBWopBGgcBmMLye+M0nVJrH8tGMEvQj2pc85IwaKzUfyCW56d51S2W34k5BFomXkzLkqHVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sWypphNrPpueOybFVeiSMlS1pyFT9PZHRSOtRFNjOiJqBnvcm4n9eOzXhhZ9xmaQGJZstClNBTEwmv5MeV8iMGFlCmeL2VsIGVFFmbEJFG4I3//IiaZxWPLfi3Z+Vq1d5HAU4hCM4AQ/OoQq3UIM6MBjCM7zCm5M4L8678zFrXXLymQP4A+fzB7a7jn4=</latexit><latexit sha1_base64="f279FzfrdR8025m3jvUnKNJ7/gY=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp0I2ghBLSwsopgPSI6wt5lLluztHbt7QjjyI2wsFLH199j5b9wkV2jig4HHezPMzAsSwbVx3W9naXlldW29sFHc3Nre2S3t7Td0nCqGdRaLWLUCqlFwiXXDjcBWopBGgcBmMLye+M0nVJrH8tGMEvQj2pc85IwaKzUfyCW56d51S2W34k5BFomXkzLkqHVLX51ezNIIpWGCat323MT4GVWGM4HjYifVmFA2pH1sWypphNrPpueOybFVeiSMlS1pyFT9PZHRSOtRFNjOiJqBnvcm4n9eOzXhhZ9xmaQGJZstClNBTEwmv5MeV8iMGFlCmeL2VsIGVFFmbEJFG4I3//IiaZxWPLfi3Z+Vq1d5HAU4hCM4AQ/OoQq3UIM6MBjCM7zCm5M4L8678zFrXXLymQP4A+fzB7a7jn4=</latexit>

~J = ~L+ ~S1 + ~S2
<latexit sha1_base64="jcgkM2WTyuwxU/C4PfJpjmO8hWs=">AAACFXicbZDLSsNAFIYn9VbjLerSzWARBKUkRdCNUHQj4qKivUAbwmQ6aYdOLsxMCiXkJdz4Km5cKOJWcOfbOEmzqK0/DHz85xzOnN+NGBXSNH+00tLyyupaeV3f2Nza3jF291oijDkmTRyykHdcJAijAWlKKhnpRJwg32Wk7Y6us3p7TLigYfAoJxGxfTQIqEcxkspyjNPemODkNoWXMKe7FJ5M6SF1rBmu6bruGBWzauaCi2AVUAGFGo7x3euHOPZJIDFDQnQtM5J2grikmJFU78WCRAiP0IB0FQbIJ8JO8qtSeKScPvRCrl4gYe7OTiTIF2Liu6rTR3Io5muZ+V+tG0vvwk5oEMWSBHi6yIsZlCHMIoJ9ygmWbKIAYU7VXyEeIo6wVEFmIVjzJy9Cq1a1zKp1f1apXxVxlMEBOATHwALnoA5uQAM0AQZP4AW8gXftWXvVPrTPaWtJK2b2wR9pX7+Espx5</latexit><latexit sha1_base64="jcgkM2WTyuwxU/C4PfJpjmO8hWs=">AAACFXicbZDLSsNAFIYn9VbjLerSzWARBKUkRdCNUHQj4qKivUAbwmQ6aYdOLsxMCiXkJdz4Km5cKOJWcOfbOEmzqK0/DHz85xzOnN+NGBXSNH+00tLyyupaeV3f2Nza3jF291oijDkmTRyykHdcJAijAWlKKhnpRJwg32Wk7Y6us3p7TLigYfAoJxGxfTQIqEcxkspyjNPemODkNoWXMKe7FJ5M6SF1rBmu6bruGBWzauaCi2AVUAGFGo7x3euHOPZJIDFDQnQtM5J2grikmJFU78WCRAiP0IB0FQbIJ8JO8qtSeKScPvRCrl4gYe7OTiTIF2Liu6rTR3Io5muZ+V+tG0vvwk5oEMWSBHi6yIsZlCHMIoJ9ygmWbKIAYU7VXyEeIo6wVEFmIVjzJy9Cq1a1zKp1f1apXxVxlMEBOATHwALnoA5uQAM0AQZP4AW8gXftWXvVPrTPaWtJK2b2wR9pX7+Espx5</latexit><latexit sha1_base64="jcgkM2WTyuwxU/C4PfJpjmO8hWs=">AAACFXicbZDLSsNAFIYn9VbjLerSzWARBKUkRdCNUHQj4qKivUAbwmQ6aYdOLsxMCiXkJdz4Km5cKOJWcOfbOEmzqK0/DHz85xzOnN+NGBXSNH+00tLyyupaeV3f2Nza3jF291oijDkmTRyykHdcJAijAWlKKhnpRJwg32Wk7Y6us3p7TLigYfAoJxGxfTQIqEcxkspyjNPemODkNoWXMKe7FJ5M6SF1rBmu6bruGBWzauaCi2AVUAGFGo7x3euHOPZJIDFDQnQtM5J2grikmJFU78WCRAiP0IB0FQbIJ8JO8qtSeKScPvRCrl4gYe7OTiTIF2Liu6rTR3Io5muZ+V+tG0vvwk5oEMWSBHi6yIsZlCHMIoJ9ygmWbKIAYU7VXyEeIo6wVEFmIVjzJy9Cq1a1zKp1f1apXxVxlMEBOATHwALnoA5uQAM0AQZP4AW8gXftWXvVPrTPaWtJK2b2wR9pX7+Espx5</latexit><latexit sha1_base64="jcgkM2WTyuwxU/C4PfJpjmO8hWs=">AAACFXicbZDLSsNAFIYn9VbjLerSzWARBKUkRdCNUHQj4qKivUAbwmQ6aYdOLsxMCiXkJdz4Km5cKOJWcOfbOEmzqK0/DHz85xzOnN+NGBXSNH+00tLyyupaeV3f2Nza3jF291oijDkmTRyykHdcJAijAWlKKhnpRJwg32Wk7Y6us3p7TLigYfAoJxGxfTQIqEcxkspyjNPemODkNoWXMKe7FJ5M6SF1rBmu6bruGBWzauaCi2AVUAGFGo7x3euHOPZJIDFDQnQtM5J2grikmJFU78WCRAiP0IB0FQbIJ8JO8qtSeKScPvRCrl4gYe7OTiTIF2Liu6rTR3Io5muZ+V+tG0vvwk5oEMWSBHi6yIsZlCHMIoJ9ygmWbKIAYU7VXyEeIo6wVEFmIVjzJy9Cq1a1zKp1f1apXxVxlMEBOATHwALnoA5uQAM0AQZP4AW8gXftWXvVPrTPaWtJK2b2wR9pX7+Espx5</latexit>

  GW emission strongest if face on/off, and weakest if the source is edge-on
  If masses are not spinning: the total angular momentum is orbital angular 
momentum 
  If masses are spinning, then the total angular momentum: 

      if spins have arbitrary orientation (not aligned with the orbital angular 
momentum) - the orbit precesses (L rotates around J) due to spin-orbital coupling:

~L
<latexit sha1_base64="jnTHgjypBKEAj01lI2eYcIve7sw=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxYOHCvYD21A220m7dLMJu5tCCf0XXjwo4tV/481/46bNQVsfDDzem2FmXpBwprTrflultfWNza3ytr2zu7d/UDk8aqk4lRSbNOax7AREIWcCm5ppjp1EIokCju1gfJv77QlKxWLxqKcJ+hEZChYySrSRnnoTpNn9zLbtfqXq1tw5nFXiFaQKBRr9yldvENM0QqEpJ0p1PTfRfkakZpTjzO6lChNCx2SIXUMFiVD52fzimXNmlIETxtKU0M5c/T2RkUipaRSYzojokVr2cvE/r5vq8NrPmEhSjYIuFoUpd3Ts5O87AyaRaj41hFDJzK0OHRFJqDYh5SF4yy+vktZFzXNr3sNltX5TxFGGEziFc/DgCupwBw1oAgUBz/AKb5ayXqx362PRWrKKmWP4A+vzBxQcj9o=</latexit><latexit sha1_base64="jnTHgjypBKEAj01lI2eYcIve7sw=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxYOHCvYD21A220m7dLMJu5tCCf0XXjwo4tV/481/46bNQVsfDDzem2FmXpBwprTrflultfWNza3ytr2zu7d/UDk8aqk4lRSbNOax7AREIWcCm5ppjp1EIokCju1gfJv77QlKxWLxqKcJ+hEZChYySrSRnnoTpNn9zLbtfqXq1tw5nFXiFaQKBRr9yldvENM0QqEpJ0p1PTfRfkakZpTjzO6lChNCx2SIXUMFiVD52fzimXNmlIETxtKU0M5c/T2RkUipaRSYzojokVr2cvE/r5vq8NrPmEhSjYIuFoUpd3Ts5O87AyaRaj41hFDJzK0OHRFJqDYh5SF4yy+vktZFzXNr3sNltX5TxFGGEziFc/DgCupwBw1oAgUBz/AKb5ayXqx362PRWrKKmWP4A+vzBxQcj9o=</latexit><latexit sha1_base64="jnTHgjypBKEAj01lI2eYcIve7sw=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxYOHCvYD21A220m7dLMJu5tCCf0XXjwo4tV/481/46bNQVsfDDzem2FmXpBwprTrflultfWNza3ytr2zu7d/UDk8aqk4lRSbNOax7AREIWcCm5ppjp1EIokCju1gfJv77QlKxWLxqKcJ+hEZChYySrSRnnoTpNn9zLbtfqXq1tw5nFXiFaQKBRr9yldvENM0QqEpJ0p1PTfRfkakZpTjzO6lChNCx2SIXUMFiVD52fzimXNmlIETxtKU0M5c/T2RkUipaRSYzojokVr2cvE/r5vq8NrPmEhSjYIuFoUpd3Ts5O87AyaRaj41hFDJzK0OHRFJqDYh5SF4yy+vktZFzXNr3sNltX5TxFGGEziFc/DgCupwBw1oAgUBz/AKb5ayXqx362PRWrKKmWP4A+vzBxQcj9o=</latexit><latexit sha1_base64="jnTHgjypBKEAj01lI2eYcIve7sw=">AAAB8XicbVBNS8NAEJ3Urxq/qh69BIvgqSQi6LHoxYOHCvYD21A220m7dLMJu5tCCf0XXjwo4tV/481/46bNQVsfDDzem2FmXpBwprTrflultfWNza3ytr2zu7d/UDk8aqk4lRSbNOax7AREIWcCm5ppjp1EIokCju1gfJv77QlKxWLxqKcJ+hEZChYySrSRnnoTpNn9zLbtfqXq1tw5nFXiFaQKBRr9yldvENM0QqEpJ0p1PTfRfkakZpTjzO6lChNCx2SIXUMFiVD52fzimXNmlIETxtKU0M5c/T2RkUipaRSYzojokVr2cvE/r5vq8NrPmEhSjYIuFoUpd3Ts5O87AyaRaj41hFDJzK0OHRFJqDYh5SF4yy+vktZFzXNr3sNltX5TxFGGEziFc/DgCupwBw1oAgUBz/AKb5ayXqx362PRWrKKmWP4A+vzBxQcj9o=</latexit>

~̇L / ~⌦⇥ ~L
<latexit sha1_base64="milzuzWpE1tNgyL9jMW6bDPuyQY=">AAACHnicbVDLSgNBEJyNr7i+Vj16GQyCp7Arih6DXjwIRjAPyIYwO+kkQ2YfzPQGwpIv8eKvePGgiOBJ/8ZJsgeNFgwUVd3UdAWJFBpd98sqLC2vrK4V1+2Nza3tHWd3r67jVHGo8VjGqhkwDVJEUEOBEpqJAhYGEhrB8GrqN0agtIijexwn0A5ZPxI9wRkaqeOc+d0YM38EPLuZTKifqDjBmNKZ4t+G0GdGRRGCpvmUbdsdp+SW3RnoX+LlpERyVDvOh8nhaQgRcsm0bnlugu2MKRRcwsT2Uw0J40PWh5ahETN57Wx23oQeGaVLe7EyL0I6U39uZCzUehwGZjJkONCL3lT8z2ul2LtoZyJKUoSIz4N6qaSmgGlXtCsUcJRjQxhXwvyV8gFTjKNpdFqCt3jyX1I/KXtu2bs7LVUu8zqK5IAckmPikXNSIdekSmqEkwfyRF7Iq/VoPVtv1vt8tGDlO/vkF6zPb7whoic=</latexit><latexit sha1_base64="milzuzWpE1tNgyL9jMW6bDPuyQY=">AAACHnicbVDLSgNBEJyNr7i+Vj16GQyCp7Arih6DXjwIRjAPyIYwO+kkQ2YfzPQGwpIv8eKvePGgiOBJ/8ZJsgeNFgwUVd3UdAWJFBpd98sqLC2vrK4V1+2Nza3tHWd3r67jVHGo8VjGqhkwDVJEUEOBEpqJAhYGEhrB8GrqN0agtIijexwn0A5ZPxI9wRkaqeOc+d0YM38EPLuZTKifqDjBmNKZ4t+G0GdGRRGCpvmUbdsdp+SW3RnoX+LlpERyVDvOh8nhaQgRcsm0bnlugu2MKRRcwsT2Uw0J40PWh5ahETN57Wx23oQeGaVLe7EyL0I6U39uZCzUehwGZjJkONCL3lT8z2ul2LtoZyJKUoSIz4N6qaSmgGlXtCsUcJRjQxhXwvyV8gFTjKNpdFqCt3jyX1I/KXtu2bs7LVUu8zqK5IAckmPikXNSIdekSmqEkwfyRF7Iq/VoPVtv1vt8tGDlO/vkF6zPb7whoic=</latexit><latexit sha1_base64="milzuzWpE1tNgyL9jMW6bDPuyQY=">AAACHnicbVDLSgNBEJyNr7i+Vj16GQyCp7Arih6DXjwIRjAPyIYwO+kkQ2YfzPQGwpIv8eKvePGgiOBJ/8ZJsgeNFgwUVd3UdAWJFBpd98sqLC2vrK4V1+2Nza3tHWd3r67jVHGo8VjGqhkwDVJEUEOBEpqJAhYGEhrB8GrqN0agtIijexwn0A5ZPxI9wRkaqeOc+d0YM38EPLuZTKifqDjBmNKZ4t+G0GdGRRGCpvmUbdsdp+SW3RnoX+LlpERyVDvOh8nhaQgRcsm0bnlugu2MKRRcwsT2Uw0J40PWh5ahETN57Wx23oQeGaVLe7EyL0I6U39uZCzUehwGZjJkONCL3lT8z2ul2LtoZyJKUoSIz4N6qaSmgGlXtCsUcJRjQxhXwvyV8gFTjKNpdFqCt3jyX1I/KXtu2bs7LVUu8zqK5IAckmPikXNSIdekSmqEkwfyRF7Iq/VoPVtv1vt8tGDlO/vkF6zPb7whoic=</latexit><latexit sha1_base64="milzuzWpE1tNgyL9jMW6bDPuyQY=">AAACHnicbVDLSgNBEJyNr7i+Vj16GQyCp7Arih6DXjwIRjAPyIYwO+kkQ2YfzPQGwpIv8eKvePGgiOBJ/8ZJsgeNFgwUVd3UdAWJFBpd98sqLC2vrK4V1+2Nza3tHWd3r67jVHGo8VjGqhkwDVJEUEOBEpqJAhYGEhrB8GrqN0agtIijexwn0A5ZPxI9wRkaqeOc+d0YM38EPLuZTKifqDjBmNKZ4t+G0GdGRRGCpvmUbdsdp+SW3RnoX+LlpERyVDvOh8nhaQgRcsm0bnlugu2MKRRcwsT2Uw0J40PWh5ahETN57Wx23oQeGaVLe7EyL0I6U39uZCzUehwGZjJkONCL3lT8z2ul2LtoZyJKUoSIz4N6qaSmgGlXtCsUcJRjQxhXwvyV8gFTjKNpdFqCt3jyX1I/KXtu2bs7LVUu8zqK5IAckmPikXNSIdekSmqEkwfyRF7Iq/VoPVtv1vt8tGDlO/vkF6zPb7whoic=</latexit>

 Dominant harmonic: 2 x orbital freq. (circular), there are harminics 1,3,4,…x 
orbital freq. but lower in amplitude 



Binary system
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Lum = �dEGW

dt
=
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⌦ ...
Mij
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5
⌘2(M!)10/3

<latexit sha1_base64="phSW5/ukyG5DgtCngfp7Pl16WjY="></latexit><latexit sha1_base64="phSW5/ukyG5DgtCngfp7Pl16WjY="></latexit><latexit sha1_base64="phSW5/ukyG5DgtCngfp7Pl16WjY="></latexit><latexit sha1_base64="phSW5/ukyG5DgtCngfp7Pl16WjY="></latexit>

Etot =
m1m2

a
+

m1(!r1)2

2
+

m2(!r2)2

2
= �m1m2

2a
.

<latexit sha1_base64="wctmqKuQ1BlKKY/rPCcF51oix1E="></latexit><latexit sha1_base64="wctmqKuQ1BlKKY/rPCcF51oix1E="></latexit><latexit sha1_base64="wctmqKuQ1BlKKY/rPCcF51oix1E="></latexit><latexit sha1_base64="wctmqKuQ1BlKKY/rPCcF51oix1E="></latexit>
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<latexit sha1_base64="OaSSFQQkIgMPBsldN02XLKOsAIk="></latexit><latexit sha1_base64="OaSSFQQkIgMPBsldN02XLKOsAIk="></latexit><latexit sha1_base64="OaSSFQQkIgMPBsldN02XLKOsAIk="></latexit><latexit sha1_base64="OaSSFQQkIgMPBsldN02XLKOsAIk="></latexit>

Loss of energy due to GWs

Total energy of the binary system

Balance equation

a =


256

5
⌘M3(tc � t)

�1/4
,

⇡f =


256

5
⌘M5/3(tc � t)
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<latexit sha1_base64="sipQW917yRMSM8uD92xqguOuzu0="></latexit><latexit sha1_base64="sipQW917yRMSM8uD92xqguOuzu0="></latexit><latexit sha1_base64="sipQW917yRMSM8uD92xqguOuzu0="></latexit><latexit sha1_base64="sipQW917yRMSM8uD92xqguOuzu0="></latexit>
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Z
2⇡f(t) dt = �2
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<latexit sha1_base64="XqhE7CxecnrFLoNebQWwmCxJT0g="></latexit><latexit sha1_base64="XqhE7CxecnrFLoNebQWwmCxJT0g="></latexit><latexit sha1_base64="XqhE7CxecnrFLoNebQWwmCxJT0g="></latexit><latexit sha1_base64="XqhE7CxecnrFLoNebQWwmCxJT0g="></latexit>

�t =
5

256M5/3⌘
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<latexit sha1_base64="4Qit6p/D7P2wsDHwqShUjrYow34="></latexit><latexit sha1_base64="4Qit6p/D7P2wsDHwqShUjrYow34="></latexit><latexit sha1_base64="4Qit6p/D7P2wsDHwqShUjrYow34="></latexit><latexit sha1_base64="4Qit6p/D7P2wsDHwqShUjrYow34="></latexit>

This equation can be easily integrated

⌘ =
µ

M
=

m1m2

M2
<latexit sha1_base64="hNTrBxhVGZunTlAzF596Rr09vrg=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCRF0I1QdONGqGAf0MQwmU7aoTNJmJkIJeQn3Pgrblwo4lZw5984aYNo64ELZ865l7n3BAmjUtn2l7GwuLS8slpZM9c3Nre2rZ3dtoxTgUkLxywW3QBJwmhEWooqRrqJIIgHjHSC0WXhd+6JkDSObtU4IR5Hg4iGFCOlJd86dolC8By6oUA4c3maZ9f5z5v7DvfrWrqr56Zp+lbVrtkTwHnilKQKSjR969PtxzjlJFKYISl7jp0oL0NCUcxIbrqpJAnCIzQgPU0jxIn0sslVOTzUSh+GsdAVKThRf09kiEs55oHu5EgN5axXiP95vVSFZ15GoyRVJMLTj8KUQRXDIiLYp4JgxcaaICyo3hXiIdJ5KB1kEYIze/I8addrjl1zbk6qjYsyjgrYBwfgCDjgFDTAFWiCFsDgATyBF/BqPBrPxpvxPm1dMMqZPfAHxsc3xICdRA==</latexit><latexit sha1_base64="hNTrBxhVGZunTlAzF596Rr09vrg=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCRF0I1QdONGqGAf0MQwmU7aoTNJmJkIJeQn3Pgrblwo4lZw5984aYNo64ELZ865l7n3BAmjUtn2l7GwuLS8slpZM9c3Nre2rZ3dtoxTgUkLxywW3QBJwmhEWooqRrqJIIgHjHSC0WXhd+6JkDSObtU4IR5Hg4iGFCOlJd86dolC8By6oUA4c3maZ9f5z5v7DvfrWrqr56Zp+lbVrtkTwHnilKQKSjR969PtxzjlJFKYISl7jp0oL0NCUcxIbrqpJAnCIzQgPU0jxIn0sslVOTzUSh+GsdAVKThRf09kiEs55oHu5EgN5axXiP95vVSFZ15GoyRVJMLTj8KUQRXDIiLYp4JgxcaaICyo3hXiIdJ5KB1kEYIze/I8addrjl1zbk6qjYsyjgrYBwfgCDjgFDTAFWiCFsDgATyBF/BqPBrPxpvxPm1dMMqZPfAHxsc3xICdRA==</latexit><latexit sha1_base64="hNTrBxhVGZunTlAzF596Rr09vrg=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCRF0I1QdONGqGAf0MQwmU7aoTNJmJkIJeQn3Pgrblwo4lZw5984aYNo64ELZ865l7n3BAmjUtn2l7GwuLS8slpZM9c3Nre2rZ3dtoxTgUkLxywW3QBJwmhEWooqRrqJIIgHjHSC0WXhd+6JkDSObtU4IR5Hg4iGFCOlJd86dolC8By6oUA4c3maZ9f5z5v7DvfrWrqr56Zp+lbVrtkTwHnilKQKSjR969PtxzjlJFKYISl7jp0oL0NCUcxIbrqpJAnCIzQgPU0jxIn0sslVOTzUSh+GsdAVKThRf09kiEs55oHu5EgN5axXiP95vVSFZ15GoyRVJMLTj8KUQRXDIiLYp4JgxcaaICyo3hXiIdJ5KB1kEYIze/I8addrjl1zbk6qjYsyjgrYBwfgCDjgFDTAFWiCFsDgATyBF/BqPBrPxpvxPm1dMMqZPfAHxsc3xICdRA==</latexit><latexit sha1_base64="hNTrBxhVGZunTlAzF596Rr09vrg=">AAACFXicbVDLSsNAFJ34rPEVdelmsAgupCRF0I1QdONGqGAf0MQwmU7aoTNJmJkIJeQn3Pgrblwo4lZw5984aYNo64ELZ865l7n3BAmjUtn2l7GwuLS8slpZM9c3Nre2rZ3dtoxTgUkLxywW3QBJwmhEWooqRrqJIIgHjHSC0WXhd+6JkDSObtU4IR5Hg4iGFCOlJd86dolC8By6oUA4c3maZ9f5z5v7DvfrWrqr56Zp+lbVrtkTwHnilKQKSjR969PtxzjlJFKYISl7jp0oL0NCUcxIbrqpJAnCIzQgPU0jxIn0sslVOTzUSh+GsdAVKThRf09kiEs55oHu5EgN5axXiP95vVSFZ15GoyRVJMLTj8KUQRXDIiLYp4JgxcaaICyo3hXiIdJ5KB1kEYIze/I8addrjl1zbk6qjYsyjgrYBwfgCDjgFDTAFWiCFsDgATyBF/BqPBrPxpvxPm1dMMqZPfAHxsc3xICdRA==</latexit>



Binary system
a =


256

5
⌘M3(tc � t)

�1/4

<latexit sha1_base64="ebJaJmkVgEHXOHlLzC5DbKIyLoY="></latexit><latexit sha1_base64="ebJaJmkVgEHXOHlLzC5DbKIyLoY="></latexit><latexit sha1_base64="ebJaJmkVgEHXOHlLzC5DbKIyLoY="></latexit><latexit sha1_base64="ebJaJmkVgEHXOHlLzC5DbKIyLoY="></latexit>

⇡f =


256

5
⌘M5/3(tc � t)

��3/8

<latexit sha1_base64="aZoXncANZ4bznMnLw7vG1H9ZDSc="></latexit><latexit sha1_base64="aZoXncANZ4bznMnLw7vG1H9ZDSc="></latexit><latexit sha1_base64="aZoXncANZ4bznMnLw7vG1H9ZDSc="></latexit><latexit sha1_base64="aZoXncANZ4bznMnLw7vG1H9ZDSc="></latexit>

  The orbit shrinks as t —> tc

 The frequency depend on the “chirp mass” Mc = M⌘3/5
<latexit sha1_base64="yN4f9cgAwcq7rvgWdje9S3DtLQM=">AAAB/XicbVDJSgNBEK1xjeM2LjcvjUHwFGdc0IsQ9OIlEMEskIxDT6eTNOlZ6O4R4hD8FS8eFPHqf3jzb+xJ5qCJDwoe71VRVc+POZPKtr+NufmFxaXlwoq5ura+sWltbddllAhCayTikWj6WFLOQlpTTHHajAXFgc9pwx9cZ37jgQrJovBODWPqBrgXsi4jWGnJs3YrHkGXqNKmCt+nJ0dnI9M0Patol+wx0CxxclKEHFXP+mp3IpIENFSEYylbjh0rN8VCMcLpyGwnksaYDHCPtjQNcUClm46vH6EDrXRQNxK6QoXG6u+JFAdSDgNfdwZY9eW0l4n/ea1EdS/clIVxomhIJou6CUcqQlkUqMMEJYoPNcFEMH0rIn0sMFE6sCwEZ/rlWVI/Ljl2ybk9LZav8jgKsAf7cAgOnEMZbqAKNSDwCM/wCm/Gk/FivBsfk9Y5I5/ZgT8wPn8A7heS7Q==</latexit><latexit sha1_base64="yN4f9cgAwcq7rvgWdje9S3DtLQM=">AAAB/XicbVDJSgNBEK1xjeM2LjcvjUHwFGdc0IsQ9OIlEMEskIxDT6eTNOlZ6O4R4hD8FS8eFPHqf3jzb+xJ5qCJDwoe71VRVc+POZPKtr+NufmFxaXlwoq5ura+sWltbddllAhCayTikWj6WFLOQlpTTHHajAXFgc9pwx9cZ37jgQrJovBODWPqBrgXsi4jWGnJs3YrHkGXqNKmCt+nJ0dnI9M0Patol+wx0CxxclKEHFXP+mp3IpIENFSEYylbjh0rN8VCMcLpyGwnksaYDHCPtjQNcUClm46vH6EDrXRQNxK6QoXG6u+JFAdSDgNfdwZY9eW0l4n/ea1EdS/clIVxomhIJou6CUcqQlkUqMMEJYoPNcFEMH0rIn0sMFE6sCwEZ/rlWVI/Ljl2ybk9LZav8jgKsAf7cAgOnEMZbqAKNSDwCM/wCm/Gk/FivBsfk9Y5I5/ZgT8wPn8A7heS7Q==</latexit><latexit sha1_base64="yN4f9cgAwcq7rvgWdje9S3DtLQM=">AAAB/XicbVDJSgNBEK1xjeM2LjcvjUHwFGdc0IsQ9OIlEMEskIxDT6eTNOlZ6O4R4hD8FS8eFPHqf3jzb+xJ5qCJDwoe71VRVc+POZPKtr+NufmFxaXlwoq5ura+sWltbddllAhCayTikWj6WFLOQlpTTHHajAXFgc9pwx9cZ37jgQrJovBODWPqBrgXsi4jWGnJs3YrHkGXqNKmCt+nJ0dnI9M0Patol+wx0CxxclKEHFXP+mp3IpIENFSEYylbjh0rN8VCMcLpyGwnksaYDHCPtjQNcUClm46vH6EDrXRQNxK6QoXG6u+JFAdSDgNfdwZY9eW0l4n/ea1EdS/clIVxomhIJou6CUcqQlkUqMMEJYoPNcFEMH0rIn0sMFE6sCwEZ/rlWVI/Ljl2ybk9LZav8jgKsAf7cAgOnEMZbqAKNSDwCM/wCm/Gk/FivBsfk9Y5I5/ZgT8wPn8A7heS7Q==</latexit><latexit sha1_base64="yN4f9cgAwcq7rvgWdje9S3DtLQM=">AAAB/XicbVDJSgNBEK1xjeM2LjcvjUHwFGdc0IsQ9OIlEMEskIxDT6eTNOlZ6O4R4hD8FS8eFPHqf3jzb+xJ5qCJDwoe71VRVc+POZPKtr+NufmFxaXlwoq5ura+sWltbddllAhCayTikWj6WFLOQlpTTHHajAXFgc9pwx9cZ37jgQrJovBODWPqBrgXsi4jWGnJs3YrHkGXqNKmCt+nJ0dnI9M0Patol+wx0CxxclKEHFXP+mp3IpIENFSEYylbjh0rN8VCMcLpyGwnksaYDHCPtjQNcUClm46vH6EDrXRQNxK6QoXG6u+JFAdSDgNfdwZY9eW0l4n/ea1EdS/clIVxomhIJou6CUcqQlkUqMMEJYoPNcFEMH0rIn0sMFE6sCwEZ/rlWVI/Ljl2ybk9LZav8jgKsAf7cAgOnEMZbqAKNSDwCM/wCm/Gk/FivBsfk9Y5I5/ZgT8wPn8A7heS7Q==</latexit>

  GW (and orbital) frequency grows with time and infinite at tc (approach breaks down)
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<latexit sha1_base64="XqhE7CxecnrFLoNebQWwmCxJT0g="></latexit><latexit sha1_base64="XqhE7CxecnrFLoNebQWwmCxJT0g="></latexit><latexit sha1_base64="XqhE7CxecnrFLoNebQWwmCxJT0g="></latexit><latexit sha1_base64="XqhE7CxecnrFLoNebQWwmCxJT0g="></latexit>

  The  phase depends on the chirp mass: Mc is the best measured parameter

dfGW

dt
=

96

5⇡
M5/3

c (⇡f)11/3
<latexit sha1_base64="2CHrsJMDbvY2Efej0Ke+sRFMUak="></latexit><latexit sha1_base64="2CHrsJMDbvY2Efej0Ke+sRFMUak="></latexit><latexit sha1_base64="2CHrsJMDbvY2Efej0Ke+sRFMUak="></latexit><latexit sha1_base64="2CHrsJMDbvY2Efej0Ke+sRFMUak="></latexit>

Very strong dependance on the frequency: very 
slow evolution for the broad orbits 

If m1 � m2, M5/3
c ⇡ m2

m1
m5/3

1
<latexit sha1_base64="zc/jRGKXvF62CemSprLverFk878="></latexit><latexit sha1_base64="zc/jRGKXvF62CemSprLverFk878="></latexit><latexit sha1_base64="zc/jRGKXvF62CemSprLverFk878="></latexit><latexit sha1_base64="zc/jRGKXvF62CemSprLverFk878="></latexit>

the frequency evolution could be sloweven if the orbit is 
relativistic (extreme mass ratio inspiral EMRI)



Binary system
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5

256M5/3⌘
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<latexit sha1_base64="4Qit6p/D7P2wsDHwqShUjrYow34="></latexit><latexit sha1_base64="4Qit6p/D7P2wsDHwqShUjrYow34="></latexit><latexit sha1_base64="4Qit6p/D7P2wsDHwqShUjrYow34="></latexit><latexit sha1_base64="4Qit6p/D7P2wsDHwqShUjrYow34="></latexit>

!9

time to coalescence (merger) starting from freq. f

LIGO/VIRGO: operates on the ground, freq range 30-2000 Hz.
take f=40 Hz, NS-NS system each mass 1.4 solar mass:         ~20sec
take f = 30 Hz, BH-BH system each 30 solar mass:         ~0.32sec

�t
<latexit sha1_base64="3EUb9liHsNx6xnfHpMZ0T39KNQU=">AAAB8HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GNRDx4r2FppQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfKmu7W9s7tX2T9omSTTjDdZIhPdDqnhUijeRIGSt1PNaRxK/hCOrqf+wxPXRiTqHscpD2I6UCISjKKVHt3uDZdICfYqVa/mzUCWiV+QKhRo9Cpf3X7CspgrZJIa0/G9FIOcahRM8onbzQxPKRvRAe9YqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBm5NoQ/MWXl0nrrOZ7Nf/uvFq/KuIowxEcwyn4cAF1uIUGNIFBDM/wCm+Odl6cd+dj3lpyiplD+APn8wfD34+4</latexit><latexit sha1_base64="3EUb9liHsNx6xnfHpMZ0T39KNQU=">AAAB8HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GNRDx4r2FppQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfKmu7W9s7tX2T9omSTTjDdZIhPdDqnhUijeRIGSt1PNaRxK/hCOrqf+wxPXRiTqHscpD2I6UCISjKKVHt3uDZdICfYqVa/mzUCWiV+QKhRo9Cpf3X7CspgrZJIa0/G9FIOcahRM8onbzQxPKRvRAe9YqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBm5NoQ/MWXl0nrrOZ7Nf/uvFq/KuIowxEcwyn4cAF1uIUGNIFBDM/wCm+Odl6cd+dj3lpyiplD+APn8wfD34+4</latexit><latexit sha1_base64="3EUb9liHsNx6xnfHpMZ0T39KNQU=">AAAB8HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GNRDx4r2FppQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfKmu7W9s7tX2T9omSTTjDdZIhPdDqnhUijeRIGSt1PNaRxK/hCOrqf+wxPXRiTqHscpD2I6UCISjKKVHt3uDZdICfYqVa/mzUCWiV+QKhRo9Cpf3X7CspgrZJIa0/G9FIOcahRM8onbzQxPKRvRAe9YqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBm5NoQ/MWXl0nrrOZ7Nf/uvFq/KuIowxEcwyn4cAF1uIUGNIFBDM/wCm+Odl6cd+dj3lpyiplD+APn8wfD34+4</latexit><latexit sha1_base64="3EUb9liHsNx6xnfHpMZ0T39KNQU=">AAAB8HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GNRDx4r2FppQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfKmu7W9s7tX2T9omSTTjDdZIhPdDqnhUijeRIGSt1PNaRxK/hCOrqf+wxPXRiTqHscpD2I6UCISjKKVHt3uDZdICfYqVa/mzUCWiV+QKhRo9Cpf3X7CspgrZJIa0/G9FIOcahRM8onbzQxPKRvRAe9YqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBm5NoQ/MWXl0nrrOZ7Nf/uvFq/KuIowxEcwyn4cAF1uIUGNIFBDM/wCm+Odl6cd+dj3lpyiplD+APn8wfD34+4</latexit>

�t
<latexit sha1_base64="3EUb9liHsNx6xnfHpMZ0T39KNQU=">AAAB8HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GNRDx4r2FppQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfKmu7W9s7tX2T9omSTTjDdZIhPdDqnhUijeRIGSt1PNaRxK/hCOrqf+wxPXRiTqHscpD2I6UCISjKKVHt3uDZdICfYqVa/mzUCWiV+QKhRo9Cpf3X7CspgrZJIa0/G9FIOcahRM8onbzQxPKRvRAe9YqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBm5NoQ/MWXl0nrrOZ7Nf/uvFq/KuIowxEcwyn4cAF1uIUGNIFBDM/wCm+Odl6cd+dj3lpyiplD+APn8wfD34+4</latexit><latexit sha1_base64="3EUb9liHsNx6xnfHpMZ0T39KNQU=">AAAB8HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GNRDx4r2FppQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfKmu7W9s7tX2T9omSTTjDdZIhPdDqnhUijeRIGSt1PNaRxK/hCOrqf+wxPXRiTqHscpD2I6UCISjKKVHt3uDZdICfYqVa/mzUCWiV+QKhRo9Cpf3X7CspgrZJIa0/G9FIOcahRM8onbzQxPKRvRAe9YqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBm5NoQ/MWXl0nrrOZ7Nf/uvFq/KuIowxEcwyn4cAF1uIUGNIFBDM/wCm+Odl6cd+dj3lpyiplD+APn8wfD34+4</latexit><latexit sha1_base64="3EUb9liHsNx6xnfHpMZ0T39KNQU=">AAAB8HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GNRDx4r2FppQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfKmu7W9s7tX2T9omSTTjDdZIhPdDqnhUijeRIGSt1PNaRxK/hCOrqf+wxPXRiTqHscpD2I6UCISjKKVHt3uDZdICfYqVa/mzUCWiV+QKhRo9Cpf3X7CspgrZJIa0/G9FIOcahRM8onbzQxPKRvRAe9YqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBm5NoQ/MWXl0nrrOZ7Nf/uvFq/KuIowxEcwyn4cAF1uIUGNIFBDM/wCm+Odl6cd+dj3lpyiplD+APn8wfD34+4</latexit><latexit sha1_base64="3EUb9liHsNx6xnfHpMZ0T39KNQU=">AAAB8HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GNRDx4r2FppQ9lsN+3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6WV1bX1jfKmu7W9s7tX2T9omSTTjDdZIhPdDqnhUijeRIGSt1PNaRxK/hCOrqf+wxPXRiTqHscpD2I6UCISjKKVHt3uDZdICfYqVa/mzUCWiV+QKhRo9Cpf3X7CspgrZJIa0/G9FIOcahRM8onbzQxPKRvRAe9YqmjMTZDPDp6QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQZ5EKlGXLF5ouiTBJMyPR70heaM5RjSyjTwt5K2JBqytBm5NoQ/MWXl0nrrOZ7Nf/uvFq/KuIowxEcwyn4cAF1uIUGNIFBDM/wCm+Odl6cd+dj3lpyiplD+APn8wfD34+4</latexit>

LISA (space based detector) will operate in freq. range 0.1- 100 mHz
take f=0.1mHz,  M = m1 +m2 = 106M�, �t ⇡ 35 days/⌘ < 1 year
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  Post-Newtonian iterations: we plug back to Einstein equations the evolving orbit and linear 
solution for the GW, solve at the next order

� = �0 + �N + ✏2�1PN + ✏3�1.5PN + ✏4�2PN + ...
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  In the near zone the curvature is comparable to the GW wavelength: scattering 
(backscattering) of the GWs on the Newtonian potential.



Binary system 
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 Waveform (GW signal) in the frequency domain

h+(t) = A+ cos�(t), h⇥ = A⇥ sin�(t)
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GW, leading order in amplitude 

h̃(f) =

Z
h(t)e�2⇡iftdt
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Fourier transformation

If amplitude is slowly evolving, 
monotoneous function of time

The phase in freq. domain

   Amplitude and the dominant term in phase depend on Mc only (other terms depend 
on total mass and mass ratio.
   Amplitude is higher at low frequencies (early inspiral, slow frequency evolution, 
many cycles.
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GW signal 
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[Credits: SXS collaboration]



Detected GW signals from binaries
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Modelling GW signal
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GW signal from binary stsem can be conventionally split into three parts: inspiral (Post-
Newtonian decomposiotion, merger (numerical relativity), ringdown (BH perturbation)



Modelling GW signal
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[Plot: courtesy of A. Taracchini]

The inspiral part of the signal could be pushed to smaller separations using smart 
resummation (Effective One Body approach) and then stiched to the ringdown 



Modelling GW signal
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 Waveform constructed in the frequency domain
 Uses Post-Newtonian results for the early evolution (inspiral) of a binary
 Precession is added by rotation taken from the Post-Newtonian evolution
 Very fast to generate

Phenomenological model: The signal is not that complicated if separated in amplitude and 
phase: Can construct analytic fit to the numerical data + using analytic solution in limiting parts

[Khan+, PRD 2016]



Detection of GWs
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  The basic principle used in detecting GWs is the geodesic deviation equation in the 
time  dependent field of GWs



Detection of GWs
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We use local inertial frame 
located at the beam splitter

In case of LIGO/VIRGO

�GW � L, !GWL ⌧ 1
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The whole detector  can be 
covered (with high accuracy) 

by the LIF 

In this frame (LIF of the beam splitter) the coordinate distance is the proper distance:
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similar for  x polarization



Detection of GWs
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Since we have covered the whole detector by LIF, the propagation of the laser light as it was in 
the flat spacetime

�l

x
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l

(t̂� x̂) +O(⌫
l

L0h(!L0)
2)
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Frequency of the laser

phase of the laser

The phase shift between round trip along x and y 

   For the ground based detectors we can choose the LIF which covers the whole detector, 
so that the spacetine is flat with high accuracy. 
   In this frame the laser light propagation is as in flat s/t, the mirrors are moving under 
time varying tidal forces of  GWs —> change in the optical path.

�GW � L, !GWL ⌧ 1
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Detection of GWs
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We cannot set the LIF covering the whole detector, but we 
can introduce LIF for the background curvature . This is the 

case for LISA and PTA. We use TT-gauge:

�GW ⇡ L, !GWL ⇡ 1
<latexit sha1_base64="lTpbTvk5bO4u3bCi9kxML7wNYCs=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4kDIjggU3RRe66KKCfUBnLHfStA3NTIYkI5ahv+LGX3HjQpHuxJ8xbQfR1hMCh3POJbnHjzhT2rY/rczS8srqWnY9t7G5tb2T392rKxFLQmtEcCGbPijKWUhrmmlOm5GkEPicNvzB1cRvPFCpmAjv9DCiXgC9kHUZAW2kdr7kchPuwH1y3RhhF6JIikdcOcHuxexgVwS0B+2pX/lJOO18wS7aU+BF4qSkgFJU2/mx2xEkDmioCQelWo4daS8BqRnhdJRzY0UjIAPo0ZahIQRUecl0wxE+MkoHd4U0N9R4qv6eSCBQahj4JhmA7qt5byL+57Vi3S15CQujWNOQzB7qxhxrgSd14Q6TlGg+NASIZOavmPRBAtGm1JwpwZlfeZHUT4uOXXRuzwrly7SOLDpAh+gYOegcldENqqIaIugJvaA39G49W6/WhzWeRTNWOrOP/sD6+gbLLaID</latexit><latexit sha1_base64="lTpbTvk5bO4u3bCi9kxML7wNYCs=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4kDIjggU3RRe66KKCfUBnLHfStA3NTIYkI5ahv+LGX3HjQpHuxJ8xbQfR1hMCh3POJbnHjzhT2rY/rczS8srqWnY9t7G5tb2T392rKxFLQmtEcCGbPijKWUhrmmlOm5GkEPicNvzB1cRvPFCpmAjv9DCiXgC9kHUZAW2kdr7kchPuwH1y3RhhF6JIikdcOcHuxexgVwS0B+2pX/lJOO18wS7aU+BF4qSkgFJU2/mx2xEkDmioCQelWo4daS8BqRnhdJRzY0UjIAPo0ZahIQRUecl0wxE+MkoHd4U0N9R4qv6eSCBQahj4JhmA7qt5byL+57Vi3S15CQujWNOQzB7qxhxrgSd14Q6TlGg+NASIZOavmPRBAtGm1JwpwZlfeZHUT4uOXXRuzwrly7SOLDpAh+gYOegcldENqqIaIugJvaA39G49W6/WhzWeRTNWOrOP/sD6+gbLLaID</latexit><latexit sha1_base64="lTpbTvk5bO4u3bCi9kxML7wNYCs=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4kDIjggU3RRe66KKCfUBnLHfStA3NTIYkI5ahv+LGX3HjQpHuxJ8xbQfR1hMCh3POJbnHjzhT2rY/rczS8srqWnY9t7G5tb2T392rKxFLQmtEcCGbPijKWUhrmmlOm5GkEPicNvzB1cRvPFCpmAjv9DCiXgC9kHUZAW2kdr7kchPuwH1y3RhhF6JIikdcOcHuxexgVwS0B+2pX/lJOO18wS7aU+BF4qSkgFJU2/mx2xEkDmioCQelWo4daS8BqRnhdJRzY0UjIAPo0ZahIQRUecl0wxE+MkoHd4U0N9R4qv6eSCBQahj4JhmA7qt5byL+57Vi3S15CQujWNOQzB7qxhxrgSd14Q6TlGg+NASIZOavmPRBAtGm1JwpwZlfeZHUT4uOXXRuzwrly7SOLDpAh+gYOegcldENqqIaIugJvaA39G49W6/WhzWeRTNWOrOP/sD6+gbLLaID</latexit><latexit sha1_base64="lTpbTvk5bO4u3bCi9kxML7wNYCs=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4kDIjggU3RRe66KKCfUBnLHfStA3NTIYkI5ahv+LGX3HjQpHuxJ8xbQfR1hMCh3POJbnHjzhT2rY/rczS8srqWnY9t7G5tb2T392rKxFLQmtEcCGbPijKWUhrmmlOm5GkEPicNvzB1cRvPFCpmAjv9DCiXgC9kHUZAW2kdr7kchPuwH1y3RhhF6JIikdcOcHuxexgVwS0B+2pX/lJOO18wS7aU+BF4qSkgFJU2/mx2xEkDmioCQelWo4daS8BqRnhdJRzY0UjIAPo0ZahIQRUecl0wxE+MkoHd4U0N9R4qv6eSCBQahj4JhmA7qt5byL+57Vi3S15CQujWNOQzB7qxhxrgSd14Q6TlGg+NASIZOavmPRBAtGm1JwpwZlfeZHUT4uOXXRuzwrly7SOLDpAh+gYOegcldENqqIaIugJvaA39G49W6/WhzWeRTNWOrOP/sD6+gbLLaID</latexit>

gµ⌫ = ⌘µ⌫ + hTT
µ⌫ +O(h2)

<latexit sha1_base64="ayKpoPVUqyw+z/gKStRcms8t1Ok=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVocwURTdC0Y07K/QFnbZk0rQNzWSGPIQyzJe48VfcuFBEcKV/Y9oOWFsPXDg5515y7/EjRqVynG9raXlldW09s5Hd3Nre2bX39msy1AKTKg5ZKBo+koRRTqqKKkYakSAo8Bmp+8ObsV9/IELSkFfUKCKtAPU57VGMlJE69nm/E3uB9rhO4BX0iEK/71M4aMeVSjKr3OUH7eJJx845BWcCuEjclORAinLH/vS6IdYB4QozJGXTdSLVipFQFDOSZD0tSYTwEPVJ01COAiJb8eS8BB4bpQt7oTDFFZyosxMxCqQcBb7pDJAayHlvLP7nNbXqXbZiyiOtCMfTj3qaQRXCcVawSwXBio0MQVhQsyvEAyQQVibRrAnBnT95kdSKBdcpuPdnudJ1GkcGHIIjkAcuuAAlcAvKoAoweATP4BW8WU/Wi/VufUxbl6x05gD8gfX1A7PMoYc=</latexit><latexit sha1_base64="ayKpoPVUqyw+z/gKStRcms8t1Ok=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVocwURTdC0Y07K/QFnbZk0rQNzWSGPIQyzJe48VfcuFBEcKV/Y9oOWFsPXDg5515y7/EjRqVynG9raXlldW09s5Hd3Nre2bX39msy1AKTKg5ZKBo+koRRTqqKKkYakSAo8Bmp+8ObsV9/IELSkFfUKCKtAPU57VGMlJE69nm/E3uB9rhO4BX0iEK/71M4aMeVSjKr3OUH7eJJx845BWcCuEjclORAinLH/vS6IdYB4QozJGXTdSLVipFQFDOSZD0tSYTwEPVJ01COAiJb8eS8BB4bpQt7oTDFFZyosxMxCqQcBb7pDJAayHlvLP7nNbXqXbZiyiOtCMfTj3qaQRXCcVawSwXBio0MQVhQsyvEAyQQVibRrAnBnT95kdSKBdcpuPdnudJ1GkcGHIIjkAcuuAAlcAvKoAoweATP4BW8WU/Wi/VufUxbl6x05gD8gfX1A7PMoYc=</latexit><latexit sha1_base64="ayKpoPVUqyw+z/gKStRcms8t1Ok=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVocwURTdC0Y07K/QFnbZk0rQNzWSGPIQyzJe48VfcuFBEcKV/Y9oOWFsPXDg5515y7/EjRqVynG9raXlldW09s5Hd3Nre2bX39msy1AKTKg5ZKBo+koRRTqqKKkYakSAo8Bmp+8ObsV9/IELSkFfUKCKtAPU57VGMlJE69nm/E3uB9rhO4BX0iEK/71M4aMeVSjKr3OUH7eJJx845BWcCuEjclORAinLH/vS6IdYB4QozJGXTdSLVipFQFDOSZD0tSYTwEPVJ01COAiJb8eS8BB4bpQt7oTDFFZyosxMxCqQcBb7pDJAayHlvLP7nNbXqXbZiyiOtCMfTj3qaQRXCcVawSwXBio0MQVhQsyvEAyQQVibRrAnBnT95kdSKBdcpuPdnudJ1GkcGHIIjkAcuuAAlcAvKoAoweATP4BW8WU/Wi/VufUxbl6x05gD8gfX1A7PMoYc=</latexit><latexit sha1_base64="ayKpoPVUqyw+z/gKStRcms8t1Ok=">AAACHnicbVDLSgMxFM34rPU16tJNsAgVocwURTdC0Y07K/QFnbZk0rQNzWSGPIQyzJe48VfcuFBEcKV/Y9oOWFsPXDg5515y7/EjRqVynG9raXlldW09s5Hd3Nre2bX39msy1AKTKg5ZKBo+koRRTqqKKkYakSAo8Bmp+8ObsV9/IELSkFfUKCKtAPU57VGMlJE69nm/E3uB9rhO4BX0iEK/71M4aMeVSjKr3OUH7eJJx845BWcCuEjclORAinLH/vS6IdYB4QozJGXTdSLVipFQFDOSZD0tSYTwEPVJ01COAiJb8eS8BB4bpQt7oTDFFZyosxMxCqQcBb7pDJAayHlvLP7nNbXqXbZiyiOtCMfTj3qaQRXCcVawSwXBio0MQVhQsyvEAyQQVibRrAnBnT95kdSKBdcpuPdnudJ1GkcGHIIjkAcuuAAlcAvKoAoweATP4BW8WU/Wi/VufUxbl6x05gD8gfX1A7PMoYc=</latexit>

Consider the wave propagating in z-direction

ds

2 = dt

2 + [1 + h+(t� z)]dx2 + [1� h+(t� z)]dy2 + dz

2
<latexit sha1_base64="AM8Ulrj90kIVLb0tLhuRGU5mGBc=">AAACJHicbZDLSgMxFIYz9VbHW9Wlm2ARlGKZKYKCCEU3LivYC0zHksmkNpi5kJwRx9KHceOruHHhBRdufBbTaUFtPRDy8/3nkJzfiwVXYFmfRm5mdm5+Ib9oLi2vrK4V1jcaKkokZXUaiUi2PKKY4CGrAwfBWrFkJPAEa3o3Z0O/ecuk4lF4CWnM3IBch7zLKQGNOoVjX11V8An2QV8l7Ngl3OuUdmH/fs/17zJmOvb+D0sz5t9fVcxOoWiVrazwtLDHoojGVesU3tp+RJOAhUAFUcqxrRjcPpHAqWADs50oFhN6Q66Zo2VIAqbcfrbkAO9o4uNuJPUJAWf090SfBEqlgac7AwI9NekN4X+ek0D3yO3zME6AhXT0UDcRGCI8TAz7XDIKItWCUMn1XzHtEUko6FyHIdiTK0+LRqVsW2X74qBYPR3HkUdbaBvtIhsdoio6RzVURxQ9oCf0gl6NR+PZeDc+Rq05Yzyzif6U8fUNDDSe5w==</latexit><latexit sha1_base64="AM8Ulrj90kIVLb0tLhuRGU5mGBc=">AAACJHicbZDLSgMxFIYz9VbHW9Wlm2ARlGKZKYKCCEU3LivYC0zHksmkNpi5kJwRx9KHceOruHHhBRdufBbTaUFtPRDy8/3nkJzfiwVXYFmfRm5mdm5+Ib9oLi2vrK4V1jcaKkokZXUaiUi2PKKY4CGrAwfBWrFkJPAEa3o3Z0O/ecuk4lF4CWnM3IBch7zLKQGNOoVjX11V8An2QV8l7Ngl3OuUdmH/fs/17zJmOvb+D0sz5t9fVcxOoWiVrazwtLDHoojGVesU3tp+RJOAhUAFUcqxrRjcPpHAqWADs50oFhN6Q66Zo2VIAqbcfrbkAO9o4uNuJPUJAWf090SfBEqlgac7AwI9NekN4X+ek0D3yO3zME6AhXT0UDcRGCI8TAz7XDIKItWCUMn1XzHtEUko6FyHIdiTK0+LRqVsW2X74qBYPR3HkUdbaBvtIhsdoio6RzVURxQ9oCf0gl6NR+PZeDc+Rq05Yzyzif6U8fUNDDSe5w==</latexit><latexit sha1_base64="AM8Ulrj90kIVLb0tLhuRGU5mGBc=">AAACJHicbZDLSgMxFIYz9VbHW9Wlm2ARlGKZKYKCCEU3LivYC0zHksmkNpi5kJwRx9KHceOruHHhBRdufBbTaUFtPRDy8/3nkJzfiwVXYFmfRm5mdm5+Ib9oLi2vrK4V1jcaKkokZXUaiUi2PKKY4CGrAwfBWrFkJPAEa3o3Z0O/ecuk4lF4CWnM3IBch7zLKQGNOoVjX11V8An2QV8l7Ngl3OuUdmH/fs/17zJmOvb+D0sz5t9fVcxOoWiVrazwtLDHoojGVesU3tp+RJOAhUAFUcqxrRjcPpHAqWADs50oFhN6Q66Zo2VIAqbcfrbkAO9o4uNuJPUJAWf090SfBEqlgac7AwI9NekN4X+ek0D3yO3zME6AhXT0UDcRGCI8TAz7XDIKItWCUMn1XzHtEUko6FyHIdiTK0+LRqVsW2X74qBYPR3HkUdbaBvtIhsdoio6RzVURxQ9oCf0gl6NR+PZeDc+Rq05Yzyzif6U8fUNDDSe5w==</latexit><latexit sha1_base64="AM8Ulrj90kIVLb0tLhuRGU5mGBc=">AAACJHicbZDLSgMxFIYz9VbHW9Wlm2ARlGKZKYKCCEU3LivYC0zHksmkNpi5kJwRx9KHceOruHHhBRdufBbTaUFtPRDy8/3nkJzfiwVXYFmfRm5mdm5+Ib9oLi2vrK4V1jcaKkokZXUaiUi2PKKY4CGrAwfBWrFkJPAEa3o3Z0O/ecuk4lF4CWnM3IBch7zLKQGNOoVjX11V8An2QV8l7Ngl3OuUdmH/fs/17zJmOvb+D0sz5t9fVcxOoWiVrazwtLDHoojGVesU3tp+RJOAhUAFUcqxrRjcPpHAqWADs50oFhN6Q66Zo2VIAqbcfrbkAO9o4uNuJPUJAWf090SfBEqlgac7AwI9NekN4X+ek0D3yO3zME6AhXT0UDcRGCI8TAz7XDIKItWCUMn1XzHtEUko6FyHIdiTK0+LRqVsW2X74qBYPR3HkUdbaBvtIhsdoio6RzVURxQ9oCf0gl6NR+PZeDc+Rq05Yzyzif6U8fUNDDSe5w==</latexit>

Need to consider equation of propagation of e/m signal g↵��l
,↵�

l
,� = 0

<latexit sha1_base64="6grs+/3iwaB0K4dTQm00JlAtiYw=">AAACHnicbVDLSsNAFJ34rPUVdelmsAgupCSi6EYounFZwT6gScPNdNIMnTyYmQgl9Evc+CtuXCgiuNK/MWmyqK0HBg7nnMude9yYM6kM40dbWl5ZXVuvbFQ3t7Z3dvW9/baMEkFoi0Q8El0XJOUspC3FFKfdWFAIXE477ug29zuPVEgWhQ9qHFM7gGHIPEZAZZKjXwz7qQU89sFyqYIJtmKf9bmTnhbqrFAErrFRdfSaUTemwIvELEkNlWg6+pc1iEgS0FARDlL2TCNWdgpCMcLppGolksZARjCkvYyGEFBpp9PzJvg4UwbYi0T2QoWn6uxECoGU48DNkgEoX857ufif10uUd2WnLIwTRUNSLPISjlWE867wgAlKFB9nBIhg2V8x8UEAUVmjeQnm/MmLpH1WN426eX9ea9yUdVTQITpCJ8hEl6iB7lATtRBBT+gFvaF37Vl71T60zyK6pJUzB+gPtO9fcduh+Q==</latexit><latexit sha1_base64="6grs+/3iwaB0K4dTQm00JlAtiYw=">AAACHnicbVDLSsNAFJ34rPUVdelmsAgupCSi6EYounFZwT6gScPNdNIMnTyYmQgl9Evc+CtuXCgiuNK/MWmyqK0HBg7nnMude9yYM6kM40dbWl5ZXVuvbFQ3t7Z3dvW9/baMEkFoi0Q8El0XJOUspC3FFKfdWFAIXE477ug29zuPVEgWhQ9qHFM7gGHIPEZAZZKjXwz7qQU89sFyqYIJtmKf9bmTnhbqrFAErrFRdfSaUTemwIvELEkNlWg6+pc1iEgS0FARDlL2TCNWdgpCMcLppGolksZARjCkvYyGEFBpp9PzJvg4UwbYi0T2QoWn6uxECoGU48DNkgEoX857ufif10uUd2WnLIwTRUNSLPISjlWE867wgAlKFB9nBIhg2V8x8UEAUVmjeQnm/MmLpH1WN426eX9ea9yUdVTQITpCJ8hEl6iB7lATtRBBT+gFvaF37Vl71T60zyK6pJUzB+gPtO9fcduh+Q==</latexit><latexit sha1_base64="6grs+/3iwaB0K4dTQm00JlAtiYw=">AAACHnicbVDLSsNAFJ34rPUVdelmsAgupCSi6EYounFZwT6gScPNdNIMnTyYmQgl9Evc+CtuXCgiuNK/MWmyqK0HBg7nnMude9yYM6kM40dbWl5ZXVuvbFQ3t7Z3dvW9/baMEkFoi0Q8El0XJOUspC3FFKfdWFAIXE477ug29zuPVEgWhQ9qHFM7gGHIPEZAZZKjXwz7qQU89sFyqYIJtmKf9bmTnhbqrFAErrFRdfSaUTemwIvELEkNlWg6+pc1iEgS0FARDlL2TCNWdgpCMcLppGolksZARjCkvYyGEFBpp9PzJvg4UwbYi0T2QoWn6uxECoGU48DNkgEoX857ufif10uUd2WnLIwTRUNSLPISjlWE867wgAlKFB9nBIhg2V8x8UEAUVmjeQnm/MmLpH1WN426eX9ea9yUdVTQITpCJ8hEl6iB7lATtRBBT+gFvaF37Vl71T60zyK6pJUzB+gPtO9fcduh+Q==</latexit><latexit sha1_base64="6grs+/3iwaB0K4dTQm00JlAtiYw=">AAACHnicbVDLSsNAFJ34rPUVdelmsAgupCSi6EYounFZwT6gScPNdNIMnTyYmQgl9Evc+CtuXCgiuNK/MWmyqK0HBg7nnMude9yYM6kM40dbWl5ZXVuvbFQ3t7Z3dvW9/baMEkFoi0Q8El0XJOUspC3FFKfdWFAIXE477ug29zuPVEgWhQ9qHFM7gGHIPEZAZZKjXwz7qQU89sFyqYIJtmKf9bmTnhbqrFAErrFRdfSaUTemwIvELEkNlWg6+pc1iEgS0FARDlL2TCNWdgpCMcLppGolksZARjCkvYyGEFBpp9PzJvg4UwbYi0T2QoWn6uxECoGU48DNkgEoX857ufif10uUd2WnLIwTRUNSLPISjlWE867wgAlKFB9nBIhg2V8x8UEAUVmjeQnm/MmLpH1WN426eX9ea9yUdVTQITpCJ8hEl6iB7lATtRBBT+gFvaF37Vl71T60zyK6pJUzB+gPtO9fcduh+Q==</latexit>

dx̂

2 = g

xx

dx

2
<latexit sha1_base64="0iK+9R7fwf9k/lHndPRYTmurWis=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewD2jRMJtN26GQSZiaSEoIbf8WNC0Xc+hXu/BsnbRbaeuDC4Zx7ufceL2JUKsv6Nkorq2vrG+XNytb2zu6euX/QlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43ucn9zgMRkob8Xk0j4gRoxOmQYqS05JpHfn+MVJpkgzq8giM3TZIM+smgXnHNqlWzZoDLxC5IFRRouuZX3w9xHBCuMENS9mwrUk6KhKKYkazSjyWJEJ6gEelpylFApJPOXsjgqVZ8OAyFLq7gTP09kaJAymng6c4AqbFc9HLxP68Xq+Glk1IexYpwPF80jBlUIczzgD4VBCs21QRhQfWtEI+RQFjp1PIQ7MWXl0m7XrOtmn13Xm1cF3GUwTE4AWfABhegAW5BE7QABo/gGbyCN+PJeDHejY95a8koZg7BHxifP9FTlmM=</latexit><latexit sha1_base64="0iK+9R7fwf9k/lHndPRYTmurWis=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewD2jRMJtN26GQSZiaSEoIbf8WNC0Xc+hXu/BsnbRbaeuDC4Zx7ufceL2JUKsv6Nkorq2vrG+XNytb2zu6euX/QlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43ucn9zgMRkob8Xk0j4gRoxOmQYqS05JpHfn+MVJpkgzq8giM3TZIM+smgXnHNqlWzZoDLxC5IFRRouuZX3w9xHBCuMENS9mwrUk6KhKKYkazSjyWJEJ6gEelpylFApJPOXsjgqVZ8OAyFLq7gTP09kaJAymng6c4AqbFc9HLxP68Xq+Glk1IexYpwPF80jBlUIczzgD4VBCs21QRhQfWtEI+RQFjp1PIQ7MWXl0m7XrOtmn13Xm1cF3GUwTE4AWfABhegAW5BE7QABo/gGbyCN+PJeDHejY95a8koZg7BHxifP9FTlmM=</latexit><latexit sha1_base64="0iK+9R7fwf9k/lHndPRYTmurWis=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewD2jRMJtN26GQSZiaSEoIbf8WNC0Xc+hXu/BsnbRbaeuDC4Zx7ufceL2JUKsv6Nkorq2vrG+XNytb2zu6euX/QlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43ucn9zgMRkob8Xk0j4gRoxOmQYqS05JpHfn+MVJpkgzq8giM3TZIM+smgXnHNqlWzZoDLxC5IFRRouuZX3w9xHBCuMENS9mwrUk6KhKKYkazSjyWJEJ6gEelpylFApJPOXsjgqVZ8OAyFLq7gTP09kaJAymng6c4AqbFc9HLxP68Xq+Glk1IexYpwPF80jBlUIczzgD4VBCs21QRhQfWtEI+RQFjp1PIQ7MWXl0m7XrOtmn13Xm1cF3GUwTE4AWfABhegAW5BE7QABo/gGbyCN+PJeDHejY95a8koZg7BHxifP9FTlmM=</latexit><latexit sha1_base64="0iK+9R7fwf9k/lHndPRYTmurWis=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EohuXFewD2jRMJtN26GQSZiaSEoIbf8WNC0Xc+hXu/BsnbRbaeuDC4Zx7ufceL2JUKsv6Nkorq2vrG+XNytb2zu6euX/QlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43ucn9zgMRkob8Xk0j4gRoxOmQYqS05JpHfn+MVJpkgzq8giM3TZIM+smgXnHNqlWzZoDLxC5IFRRouuZX3w9xHBCuMENS9mwrUk6KhKKYkazSjyWJEJ6gEelpylFApJPOXsjgqVZ8OAyFLq7gTP09kaJAymng6c4AqbFc9HLxP68Xq+Glk1IexYpwPF80jBlUIczzgD4VBCs21QRhQfWtEI+RQFjp1PIQ7MWXl0m7XrOtmn13Xm1cF3GUwTE4AWfABhegAW5BE7QABo/gGbyCN+PJeDHejY95a8koZg7BHxifP9FTlmM=</latexit>

 Mirrors are moving along geodesics. In TT frame the coordinate distance does not change 
(but the proper distance does) 

The phase difference for the round trip is

H(t) =

Z t

0
h(t0)dt0

<latexit sha1_base64="Iv1QKxPoeJVsZDGVzxhAV+hzjBA=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTBIkkvYFUEvQtBLjhHMA5J1mZ2dJENmZ5eZXiEswYu/4sWDIl79Cm/+jZPHQRMLGoqqbrq7/FhwDbb9bWVWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/vJn4rQemNI/kHYxi5oakL3mPUwJG8vJHtRKU8RXucgmefQ94UIJiGQdQ9PIFu2JPgZeJMycFNEfdy391g4gmIZNABdG649gxuClRwKlg41w30SwmdEj6rGOoJCHTbjp9YYxPjRLgXqRMScBT9fdESkKtR6FvOkMCA73oTcT/vE4CvUs35TJOgEk6W9RLBIYIT/LAAVeMghgZQqji5lZMB0QRCia1nAnBWXx5mTTPKo5dcW7PC9XreRxZdIxOUAk56AJVUQ3VUQNR9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzB0sDlMo=</latexit><latexit sha1_base64="Iv1QKxPoeJVsZDGVzxhAV+hzjBA=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTBIkkvYFUEvQtBLjhHMA5J1mZ2dJENmZ5eZXiEswYu/4sWDIl79Cm/+jZPHQRMLGoqqbrq7/FhwDbb9bWVWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/vJn4rQemNI/kHYxi5oakL3mPUwJG8vJHtRKU8RXucgmefQ94UIJiGQdQ9PIFu2JPgZeJMycFNEfdy391g4gmIZNABdG649gxuClRwKlg41w30SwmdEj6rGOoJCHTbjp9YYxPjRLgXqRMScBT9fdESkKtR6FvOkMCA73oTcT/vE4CvUs35TJOgEk6W9RLBIYIT/LAAVeMghgZQqji5lZMB0QRCia1nAnBWXx5mTTPKo5dcW7PC9XreRxZdIxOUAk56AJVUQ3VUQNR9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzB0sDlMo=</latexit><latexit sha1_base64="Iv1QKxPoeJVsZDGVzxhAV+hzjBA=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTBIkkvYFUEvQtBLjhHMA5J1mZ2dJENmZ5eZXiEswYu/4sWDIl79Cm/+jZPHQRMLGoqqbrq7/FhwDbb9bWVWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/vJn4rQemNI/kHYxi5oakL3mPUwJG8vJHtRKU8RXucgmefQ94UIJiGQdQ9PIFu2JPgZeJMycFNEfdy391g4gmIZNABdG649gxuClRwKlg41w30SwmdEj6rGOoJCHTbjp9YYxPjRLgXqRMScBT9fdESkKtR6FvOkMCA73oTcT/vE4CvUs35TJOgEk6W9RLBIYIT/LAAVeMghgZQqji5lZMB0QRCia1nAnBWXx5mTTPKo5dcW7PC9XreRxZdIxOUAk56AJVUQ3VUQNR9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzB0sDlMo=</latexit><latexit sha1_base64="Iv1QKxPoeJVsZDGVzxhAV+hzjBA=">AAACAnicbVDLSgNBEJyNrxhfUU/iZTBIkkvYFUEvQtBLjhHMA5J1mZ2dJENmZ5eZXiEswYu/4sWDIl79Cm/+jZPHQRMLGoqqbrq7/FhwDbb9bWVWVtfWN7Kbua3tnd29/P5BU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/vJn4rQemNI/kHYxi5oakL3mPUwJG8vJHtRKU8RXucgmefQ94UIJiGQdQ9PIFu2JPgZeJMycFNEfdy391g4gmIZNABdG649gxuClRwKlg41w30SwmdEj6rGOoJCHTbjp9YYxPjRLgXqRMScBT9fdESkKtR6FvOkMCA73oTcT/vE4CvUs35TJOgEk6W9RLBIYIT/LAAVeMghgZQqji5lZMB0QRCia1nAnBWXx5mTTPKo5dcW7PC9XreRxZdIxOUAk56AJVUQ3VUQNR9Iie0St6s56sF+vd+pi1Zqz5zCH6A+vzB0sDlMo=</latexit>
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<latexit sha1_base64="h0+WFXT4fqYdAoQUfoJLR92JTGU="></latexit><latexit sha1_base64="h0+WFXT4fqYdAoQUfoJLR92JTGU="></latexit><latexit sha1_base64="h0+WFXT4fqYdAoQUfoJLR92JTGU="></latexit><latexit sha1_base64="h0+WFXT4fqYdAoQUfoJLR92JTGU="></latexit>

!GWL ⌧ 1
<latexit sha1_base64="2jMdOYM0I/okX+C7q5EdIVqj9O4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiC124qGAf0IQymU7aofMIMxOhhuKvuHGhiFv/w51/46TNQlsPXDiccy/33hMljGrjed9OaWl5ZXWtvF7Z2Nza3nF391papgqTJpZMqk6ENGFUkKahhpFOogjiESPtaHSV++0HojSV4t6MExJyNBA0phgZK/Xcg0ByMkC97Lo9uYUBY9CHlZ5b9WreFHCR+AWpggKNnvsV9CVOOREGM6R11/cSE2ZIGYoZmVSCVJME4REakK6lAnGiw2x6/QQeW6UPY6lsCQOn6u+JDHGtxzyynRyZoZ73cvE/r5ua+CLMqEhSQwSeLYpTBo2EeRSwTxXBho0tQVhReyvEQ6QQNjawPAR//uVF0jqt+V7Nvzur1i+LOMrgEByBE+CDc1AHN6ABmgCDR/AMXsGb8+S8OO/Ox6y15BQz++APnM8feA2T6A==</latexit><latexit sha1_base64="2jMdOYM0I/okX+C7q5EdIVqj9O4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiC124qGAf0IQymU7aofMIMxOhhuKvuHGhiFv/w51/46TNQlsPXDiccy/33hMljGrjed9OaWl5ZXWtvF7Z2Nza3nF391papgqTJpZMqk6ENGFUkKahhpFOogjiESPtaHSV++0HojSV4t6MExJyNBA0phgZK/Xcg0ByMkC97Lo9uYUBY9CHlZ5b9WreFHCR+AWpggKNnvsV9CVOOREGM6R11/cSE2ZIGYoZmVSCVJME4REakK6lAnGiw2x6/QQeW6UPY6lsCQOn6u+JDHGtxzyynRyZoZ73cvE/r5ua+CLMqEhSQwSeLYpTBo2EeRSwTxXBho0tQVhReyvEQ6QQNjawPAR//uVF0jqt+V7Nvzur1i+LOMrgEByBE+CDc1AHN6ABmgCDR/AMXsGb8+S8OO/Ox6y15BQz++APnM8feA2T6A==</latexit><latexit sha1_base64="2jMdOYM0I/okX+C7q5EdIVqj9O4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiC124qGAf0IQymU7aofMIMxOhhuKvuHGhiFv/w51/46TNQlsPXDiccy/33hMljGrjed9OaWl5ZXWtvF7Z2Nza3nF391papgqTJpZMqk6ENGFUkKahhpFOogjiESPtaHSV++0HojSV4t6MExJyNBA0phgZK/Xcg0ByMkC97Lo9uYUBY9CHlZ5b9WreFHCR+AWpggKNnvsV9CVOOREGM6R11/cSE2ZIGYoZmVSCVJME4REakK6lAnGiw2x6/QQeW6UPY6lsCQOn6u+JDHGtxzyynRyZoZ73cvE/r5ua+CLMqEhSQwSeLYpTBo2EeRSwTxXBho0tQVhReyvEQ6QQNjawPAR//uVF0jqt+V7Nvzur1i+LOMrgEByBE+CDc1AHN6ABmgCDR/AMXsGb8+S8OO/Ox6y15BQz++APnM8feA2T6A==</latexit><latexit sha1_base64="2jMdOYM0I/okX+C7q5EdIVqj9O4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoMuiC124qGAf0IQymU7aofMIMxOhhuKvuHGhiFv/w51/46TNQlsPXDiccy/33hMljGrjed9OaWl5ZXWtvF7Z2Nza3nF391papgqTJpZMqk6ENGFUkKahhpFOogjiESPtaHSV++0HojSV4t6MExJyNBA0phgZK/Xcg0ByMkC97Lo9uYUBY9CHlZ5b9WreFHCR+AWpggKNnvsV9CVOOREGM6R11/cSE2ZIGYoZmVSCVJME4REakK6lAnGiw2x6/QQeW6UPY6lsCQOn6u+JDHGtxzyynRyZoZ73cvE/r5ua+CLMqEhSQwSeLYpTBo2EeRSwTxXBho0tQVhReyvEQ6QQNjawPAR//uVF0jqt+V7Nvzur1i+LOMrgEByBE+CDc1AHN6ABmgCDR/AMXsGb8+S8OO/Ox6y15BQz++APnM8feA2T6A==</latexit>
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<latexit sha1_base64="6Nm+YnFJyrOcvJveQf6EtKzJ1is="></latexit><latexit sha1_base64="6Nm+YnFJyrOcvJveQf6EtKzJ1is="></latexit><latexit sha1_base64="6Nm+YnFJyrOcvJveQf6EtKzJ1is="></latexit><latexit sha1_base64="6Nm+YnFJyrOcvJveQf6EtKzJ1is="></latexit>



LIGO/VIRGO

!20

Consider the  long wavelength approximation: suitable for LIGO/VIRGO. The responds of a 
single detector:

h(t) =
1

2
(n̂(1)

i hij n̂(1)
j � n̂(2)

i hij n̂(2)
j )

<latexit sha1_base64="2q89tTx2nYiZsqO13eCObnSVXXI="></latexit><latexit sha1_base64="2q89tTx2nYiZsqO13eCObnSVXXI="></latexit><latexit sha1_base64="2q89tTx2nYiZsqO13eCObnSVXXI="></latexit><latexit sha1_base64="2q89tTx2nYiZsqO13eCObnSVXXI="></latexit>

strain: differential  change in the arm length

unit vectors along arms

We can decompose the GW  signal in the polarization basis

hij = ✏ij+h+ + ✏ij⇥h⇥
<latexit sha1_base64="szw6sDGQnOaNH56mA8et0ZpkMqE=">AAACKXicbVBdS8MwFE3n16xfVR99CQ5BGIxWBH0Rhr74OMFtwlZLmqVrXJqWJBVG6d/xxb/ii4KivvpHzLoKunkgcO4593Jzj58wKpVtfxiVhcWl5ZXqqrm2vrG5ZW3vdGScCkzaOGaxuPGRJIxy0lZUMXKTCIIin5GuP7qY+N17IiSN+bUaJ8SN0JDTgGKktORZzfA2o3c5PIN9kkjKYl7UXh2GXt2sz6hZX9GIyFybP9SzanbDLgDniVOSGijR8qyX/iDGaUS4wgxJ2XPsRLkZEopiRnKzn0qSIDxCQ9LTlCO9xc2KS3N4oJUBDGKhH1ewUH9PZCiSchz5ujNCKpSz3kT8z+ulKjh1M8qTVBGOp4uClEEVw0lscEAFwYqNNUFYUP1XiEMkEFY6XFOH4MyePE86Rw3HbjhXx7XmeRlHFeyBfXAIHHACmuAStEAbYPAAnsAreDMejWfj3fictlaMcmYX/IHx9Q1dGKda</latexit><latexit sha1_base64="szw6sDGQnOaNH56mA8et0ZpkMqE=">AAACKXicbVBdS8MwFE3n16xfVR99CQ5BGIxWBH0Rhr74OMFtwlZLmqVrXJqWJBVG6d/xxb/ii4KivvpHzLoKunkgcO4593Jzj58wKpVtfxiVhcWl5ZXqqrm2vrG5ZW3vdGScCkzaOGaxuPGRJIxy0lZUMXKTCIIin5GuP7qY+N17IiSN+bUaJ8SN0JDTgGKktORZzfA2o3c5PIN9kkjKYl7UXh2GXt2sz6hZX9GIyFybP9SzanbDLgDniVOSGijR8qyX/iDGaUS4wgxJ2XPsRLkZEopiRnKzn0qSIDxCQ9LTlCO9xc2KS3N4oJUBDGKhH1ewUH9PZCiSchz5ujNCKpSz3kT8z+ulKjh1M8qTVBGOp4uClEEVw0lscEAFwYqNNUFYUP1XiEMkEFY6XFOH4MyePE86Rw3HbjhXx7XmeRlHFeyBfXAIHHACmuAStEAbYPAAnsAreDMejWfj3fictlaMcmYX/IHx9Q1dGKda</latexit><latexit sha1_base64="szw6sDGQnOaNH56mA8et0ZpkMqE=">AAACKXicbVBdS8MwFE3n16xfVR99CQ5BGIxWBH0Rhr74OMFtwlZLmqVrXJqWJBVG6d/xxb/ii4KivvpHzLoKunkgcO4593Jzj58wKpVtfxiVhcWl5ZXqqrm2vrG5ZW3vdGScCkzaOGaxuPGRJIxy0lZUMXKTCIIin5GuP7qY+N17IiSN+bUaJ8SN0JDTgGKktORZzfA2o3c5PIN9kkjKYl7UXh2GXt2sz6hZX9GIyFybP9SzanbDLgDniVOSGijR8qyX/iDGaUS4wgxJ2XPsRLkZEopiRnKzn0qSIDxCQ9LTlCO9xc2KS3N4oJUBDGKhH1ewUH9PZCiSchz5ujNCKpSz3kT8z+ulKjh1M8qTVBGOp4uClEEVw0lscEAFwYqNNUFYUP1XiEMkEFY6XFOH4MyePE86Rw3HbjhXx7XmeRlHFeyBfXAIHHACmuAStEAbYPAAnsAreDMejWfj3fictlaMcmYX/IHx9Q1dGKda</latexit><latexit sha1_base64="szw6sDGQnOaNH56mA8et0ZpkMqE=">AAACKXicbVBdS8MwFE3n16xfVR99CQ5BGIxWBH0Rhr74OMFtwlZLmqVrXJqWJBVG6d/xxb/ii4KivvpHzLoKunkgcO4593Jzj58wKpVtfxiVhcWl5ZXqqrm2vrG5ZW3vdGScCkzaOGaxuPGRJIxy0lZUMXKTCIIin5GuP7qY+N17IiSN+bUaJ8SN0JDTgGKktORZzfA2o3c5PIN9kkjKYl7UXh2GXt2sz6hZX9GIyFybP9SzanbDLgDniVOSGijR8qyX/iDGaUS4wgxJ2XPsRLkZEopiRnKzn0qSIDxCQ9LTlCO9xc2KS3N4oJUBDGKhH1ewUH9PZCiSchz5ujNCKpSz3kT8z+ulKjh1M8qTVBGOp4uClEEVw0lscEAFwYqNNUFYUP1XiEMkEFY6XFOH4MyePE86Rw3HbjhXx7XmeRlHFeyBfXAIHHACmuAStEAbYPAAnsAreDMejWfj3fictlaMcmYX/IHx9Q1dGKda</latexit>

h(t) = F+h+ + F⇥h⇥
<latexit sha1_base64="Udesy6tlzuGPAwJxsG3/PkP86Mc=">AAACD3icbZDLSsNAFIYnXmu8RV26GSxKpVASEXQjFAVxWcFeoA1hMp20QycXZk6EEvoGbnwVNy4UcevWnW/jtI2grT8MfPznHM6c308EV2DbX8bC4tLyymphzVzf2NzatnZ2GypOJWV1GotYtnyimOARqwMHwVqJZCT0BWv6g6txvXnPpOJxdAfDhLkh6UU84JSAtjzrqF+CY3yBr70y7ntls6wp6wAPmRpp4wc9q2hX7InwPDg5FFGummd9droxTUMWARVEqbZjJ+BmRAKngo3MTqpYQuiA9FhbY0T0Fjeb3DPCh9rp4iCW+kWAJ+7viYyESg1DX3eGBPpqtjY2/6u1UwjO3YxHSQosotNFQSowxHgcDu5yySiIoQZCJdd/xbRPJKGgIzR1CM7syfPQOKk4dsW5PS1WL/M4CmgfHaASctAZqqIbVEN1RNEDekIv6NV4NJ6NN+N92rpg5DN76I+Mj2+Da5qA</latexit><latexit sha1_base64="Udesy6tlzuGPAwJxsG3/PkP86Mc=">AAACD3icbZDLSsNAFIYnXmu8RV26GSxKpVASEXQjFAVxWcFeoA1hMp20QycXZk6EEvoGbnwVNy4UcevWnW/jtI2grT8MfPznHM6c308EV2DbX8bC4tLyymphzVzf2NzatnZ2GypOJWV1GotYtnyimOARqwMHwVqJZCT0BWv6g6txvXnPpOJxdAfDhLkh6UU84JSAtjzrqF+CY3yBr70y7ntls6wp6wAPmRpp4wc9q2hX7InwPDg5FFGummd9droxTUMWARVEqbZjJ+BmRAKngo3MTqpYQuiA9FhbY0T0Fjeb3DPCh9rp4iCW+kWAJ+7viYyESg1DX3eGBPpqtjY2/6u1UwjO3YxHSQosotNFQSowxHgcDu5yySiIoQZCJdd/xbRPJKGgIzR1CM7syfPQOKk4dsW5PS1WL/M4CmgfHaASctAZqqIbVEN1RNEDekIv6NV4NJ6NN+N92rpg5DN76I+Mj2+Da5qA</latexit><latexit sha1_base64="Udesy6tlzuGPAwJxsG3/PkP86Mc=">AAACD3icbZDLSsNAFIYnXmu8RV26GSxKpVASEXQjFAVxWcFeoA1hMp20QycXZk6EEvoGbnwVNy4UcevWnW/jtI2grT8MfPznHM6c308EV2DbX8bC4tLyymphzVzf2NzatnZ2GypOJWV1GotYtnyimOARqwMHwVqJZCT0BWv6g6txvXnPpOJxdAfDhLkh6UU84JSAtjzrqF+CY3yBr70y7ntls6wp6wAPmRpp4wc9q2hX7InwPDg5FFGummd9droxTUMWARVEqbZjJ+BmRAKngo3MTqpYQuiA9FhbY0T0Fjeb3DPCh9rp4iCW+kWAJ+7viYyESg1DX3eGBPpqtjY2/6u1UwjO3YxHSQosotNFQSowxHgcDu5yySiIoQZCJdd/xbRPJKGgIzR1CM7syfPQOKk4dsW5PS1WL/M4CmgfHaASctAZqqIbVEN1RNEDekIv6NV4NJ6NN+N92rpg5DN76I+Mj2+Da5qA</latexit><latexit sha1_base64="Udesy6tlzuGPAwJxsG3/PkP86Mc=">AAACD3icbZDLSsNAFIYnXmu8RV26GSxKpVASEXQjFAVxWcFeoA1hMp20QycXZk6EEvoGbnwVNy4UcevWnW/jtI2grT8MfPznHM6c308EV2DbX8bC4tLyymphzVzf2NzatnZ2GypOJWV1GotYtnyimOARqwMHwVqJZCT0BWv6g6txvXnPpOJxdAfDhLkh6UU84JSAtjzrqF+CY3yBr70y7ntls6wp6wAPmRpp4wc9q2hX7InwPDg5FFGummd9droxTUMWARVEqbZjJ+BmRAKngo3MTqpYQuiA9FhbY0T0Fjeb3DPCh9rp4iCW+kWAJ+7viYyESg1DX3eGBPpqtjY2/6u1UwjO3YxHSQosotNFQSowxHgcDu5yySiIoQZCJdd/xbRPJKGgIzR1CM7syfPQOKk4dsW5PS1WL/M4CmgfHaASctAZqqIbVEN1RNEDekIv6NV4NJ6NN+N92rpg5DN76I+Mj2+Da5qA</latexit>

F+ =
1

2
(n̂(1)

i ✏ij+ n̂
(1)
j � n̂(2)

i ✏ij+ n̂
(2)
j )

<latexit sha1_base64="V/daMBranZPnK7QWqIo1AJNsf+Q="></latexit><latexit sha1_base64="V/daMBranZPnK7QWqIo1AJNsf+Q="></latexit><latexit sha1_base64="V/daMBranZPnK7QWqIo1AJNsf+Q="></latexit><latexit sha1_base64="V/daMBranZPnK7QWqIo1AJNsf+Q="></latexit>

similar for x polarization

F+, F⇥
<latexit sha1_base64="BflWMzoMYEnvF5gq4eXdfAIQ0Gc=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAZBUMKuCHoMCsFjBPOAZFlmJ5NkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+N8Wyura+sbm4Wt4vbO7l7J3j9o6jhVjDdYLGPVDqjmUkS8gQIlbyeK0zCQvBWMbqd+65ErLeLoAccJ90I6iERfMIpG8u1SzT87JzU/66IIuZ74dtmpODOQZeLmpAw56r791e3FLA15hExSrTuuk6CXUYWCST4pdlPNE8pGdMA7hkbUbPGy2eETcmKUHunHylSEZKb+nshoqPU4DExnSHGoF72p+J/XSbF/7WUiSlLkEZsv6qeSYEymKZCeUJyhHBtCmRLmVsKGVFGGJquiCcFdfHmZNC8qrlNx7y/L1Zs8jgIcwTGcggtXUIU7qEMDGKTwDK/wZj1ZL9a79TFvXbHymUP4A+vzB7Rckng=</latexit><latexit sha1_base64="BflWMzoMYEnvF5gq4eXdfAIQ0Gc=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAZBUMKuCHoMCsFjBPOAZFlmJ5NkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+N8Wyura+sbm4Wt4vbO7l7J3j9o6jhVjDdYLGPVDqjmUkS8gQIlbyeK0zCQvBWMbqd+65ErLeLoAccJ90I6iERfMIpG8u1SzT87JzU/66IIuZ74dtmpODOQZeLmpAw56r791e3FLA15hExSrTuuk6CXUYWCST4pdlPNE8pGdMA7hkbUbPGy2eETcmKUHunHylSEZKb+nshoqPU4DExnSHGoF72p+J/XSbF/7WUiSlLkEZsv6qeSYEymKZCeUJyhHBtCmRLmVsKGVFGGJquiCcFdfHmZNC8qrlNx7y/L1Zs8jgIcwTGcggtXUIU7qEMDGKTwDK/wZj1ZL9a79TFvXbHymUP4A+vzB7Rckng=</latexit><latexit sha1_base64="BflWMzoMYEnvF5gq4eXdfAIQ0Gc=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAZBUMKuCHoMCsFjBPOAZFlmJ5NkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+N8Wyura+sbm4Wt4vbO7l7J3j9o6jhVjDdYLGPVDqjmUkS8gQIlbyeK0zCQvBWMbqd+65ErLeLoAccJ90I6iERfMIpG8u1SzT87JzU/66IIuZ74dtmpODOQZeLmpAw56r791e3FLA15hExSrTuuk6CXUYWCST4pdlPNE8pGdMA7hkbUbPGy2eETcmKUHunHylSEZKb+nshoqPU4DExnSHGoF72p+J/XSbF/7WUiSlLkEZsv6qeSYEymKZCeUJyhHBtCmRLmVsKGVFGGJquiCcFdfHmZNC8qrlNx7y/L1Zs8jgIcwTGcggtXUIU7qEMDGKTwDK/wZj1ZL9a79TFvXbHymUP4A+vzB7Rckng=</latexit><latexit sha1_base64="BflWMzoMYEnvF5gq4eXdfAIQ0Gc=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAZBUMKuCHoMCsFjBPOAZFlmJ5NkyOyDmV4hLvkSLx4U8eqnePNvnCR70MSChqKqm+6uIJFCo+N8Wyura+sbm4Wt4vbO7l7J3j9o6jhVjDdYLGPVDqjmUkS8gQIlbyeK0zCQvBWMbqd+65ErLeLoAccJ90I6iERfMIpG8u1SzT87JzU/66IIuZ74dtmpODOQZeLmpAw56r791e3FLA15hExSrTuuk6CXUYWCST4pdlPNE8pGdMA7hkbUbPGy2eETcmKUHunHylSEZKb+nshoqPU4DExnSHGoF72p+J/XSbF/7WUiSlLkEZsv6qeSYEymKZCeUJyhHBtCmRLmVsKGVFGGJquiCcFdfHmZNC8qrlNx7y/L1Zs8jgIcwTGcggtXUIU7qEMDGKTwDK/wZj1ZL9a79TFvXbHymUP4A+vzB7Rckng=</latexit>

antenna beam function, it depends on the sky positions of the source and 
polarization angle

F+ =

1

2

cos(2 )(1 + cos

2 ✓s) cos(2�s)� sin(2 ) cos ✓s sin(2�s),

F⇥ =

1

2

sin(2 )(1 + cos

2 ✓s) cos(2�s) + cos(2 ) cos ✓s sin(2�s)
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polarization angle

sky position of 
GW source
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Substitute the GW signal from a binary system we get for the strain:

h = 2µ
A

I

D
L

(M!
orb

)

2/3
cos(2�

orb

(t) + �
I

)
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A =

q
(1 + cos

2 ◆)2F 2
+ + 4 cos

2 ◆F 2
⇥
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+ x

unpolarized

If the GW signal is short (in time), A~const:
degeneracy in the parameter space.

A

DL
=

1

Deff
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Only effective  distance 
can be measured.

Sky position of a short signal (transient) can be 
measured only by a network of detectors.

detector index



LIGO/VIRGO

!22

Triangulation: measuring the time of arrival of the signal at each interferometer - depends on 
the sky position

   2 detectors - circle in the sky
   3 detectors - two points in the sky

Amplitude and phase consistency - helps!

Global network of GW 
observatories.
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Sensitivity

Seism
ic noise

Thermal noise Quantum shot noise
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�L =
1

2
hGWL
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h ⇡ 10�22, ! L = 4km, ! �L ⇡ 10�16cm
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