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From raw(ish) data

LVC (PRL:116, 061102)
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to astrophysical parameters

LVC (PRL:116, 241102)3



Bayes’ theorem

p(h0|d) = p(d|h0)p(h0)

p(d)

Initial Understanding + New Observations = Updated Understanding

Posterior

Likelihood Prior

Evidence
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Likelihood

p(h0|d) = p(d|h0)p(h0)

p(d)

Likelihood
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Data

d = R[h] + n

available
data 

detector 
response 

to GW

detector 
noise
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A gravitational wave hits the detector, and the detector records



A single data point

Probability of drawing                  from the noise 
distribution under the null hypothesis

Noise probability

Residual probability

Are they compatible?
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d1 = R[h1] + n1
<latexit sha1_base64="SBBSzFH/KmOK4F2AKgDqo8J4qow=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignoQil48VjG2kMaw2WzapZtN2N0oJfR/ePGg4tUf481/4/bjoK0PBh7vzTAzL8w4U9q2v63SwuLS8kp5tbK2vrG5Vd3euVdpLgl1ScpT2Q6xopwJ6mqmOW1nkuIk5LQV9q9GfuuRSsVScacHGfUT3BUsZgRrIz1EgXNx6/UCxz8SgRNUa3bdHgPNE2dKajBFM6h+daKU5AkVmnCslOfYmfYLLDUjnA4rnVzRDJM+7lLPUIETqvxifPUQHRglQnEqTQmNxurviQInSg2S0HQmWPfUrDcS//O8XMdnfsFElmsqyGRRnHOkUzSKAEVMUqL5wBBMJDO3ItLDEhNtgqqYEJzZl+eJe1w/rzs3J7XG5TSNMuzBPhyCA6fQgGtoggsEJDzDK7xZT9aL9W59TFpL1nRmF/7A+vwBM9yRNg==</latexit><latexit sha1_base64="SBBSzFH/KmOK4F2AKgDqo8J4qow=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignoQil48VjG2kMaw2WzapZtN2N0oJfR/ePGg4tUf481/4/bjoK0PBh7vzTAzL8w4U9q2v63SwuLS8kp5tbK2vrG5Vd3euVdpLgl1ScpT2Q6xopwJ6mqmOW1nkuIk5LQV9q9GfuuRSsVScacHGfUT3BUsZgRrIz1EgXNx6/UCxz8SgRNUa3bdHgPNE2dKajBFM6h+daKU5AkVmnCslOfYmfYLLDUjnA4rnVzRDJM+7lLPUIETqvxifPUQHRglQnEqTQmNxurviQInSg2S0HQmWPfUrDcS//O8XMdnfsFElmsqyGRRnHOkUzSKAEVMUqL5wBBMJDO3ItLDEhNtgqqYEJzZl+eJe1w/rzs3J7XG5TSNMuzBPhyCA6fQgGtoggsEJDzDK7xZT9aL9W59TFpL1nRmF/7A+vwBM9yRNg==</latexit><latexit sha1_base64="SBBSzFH/KmOK4F2AKgDqo8J4qow=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignoQil48VjG2kMaw2WzapZtN2N0oJfR/ePGg4tUf481/4/bjoK0PBh7vzTAzL8w4U9q2v63SwuLS8kp5tbK2vrG5Vd3euVdpLgl1ScpT2Q6xopwJ6mqmOW1nkuIk5LQV9q9GfuuRSsVScacHGfUT3BUsZgRrIz1EgXNx6/UCxz8SgRNUa3bdHgPNE2dKajBFM6h+daKU5AkVmnCslOfYmfYLLDUjnA4rnVzRDJM+7lLPUIETqvxifPUQHRglQnEqTQmNxurviQInSg2S0HQmWPfUrDcS//O8XMdnfsFElmsqyGRRnHOkUzSKAEVMUqL5wBBMJDO3ItLDEhNtgqqYEJzZl+eJe1w/rzs3J7XG5TSNMuzBPhyCA6fQgGtoggsEJDzDK7xZT9aL9W59TFpL1nRmF/7A+vwBM9yRNg==</latexit><latexit sha1_base64="SBBSzFH/KmOK4F2AKgDqo8J4qow=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoignoQil48VjG2kMaw2WzapZtN2N0oJfR/ePGg4tUf481/4/bjoK0PBh7vzTAzL8w4U9q2v63SwuLS8kp5tbK2vrG5Vd3euVdpLgl1ScpT2Q6xopwJ6mqmOW1nkuIk5LQV9q9GfuuRSsVScacHGfUT3BUsZgRrIz1EgXNx6/UCxz8SgRNUa3bdHgPNE2dKajBFM6h+daKU5AkVmnCslOfYmfYLLDUjnA4rnVzRDJM+7lLPUIETqvxifPUQHRglQnEqTQmNxurviQInSg2S0HQmWPfUrDcS//O8XMdnfsFElmsqyGRRnHOkUzSKAEVMUqL5wBBMJDO3ItLDEhNtgqqYEJzZl+eJe1w/rzs3J7XG5TSNMuzBPhyCA6fQgGtoggsEJDzDK7xZT9aL9W59TFpL1nRmF/7A+vwBM9yRNg==</latexit>

p(n1)
<latexit sha1_base64="uPI4xHUZjenMaVnhY5QYogA53DU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrSNQb0YtHTFwggQ3pli5Uuu2m7ZqQDf/Biwc1Xv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWaiVV0ffO++WKW3PnQKvEy0kFcjT75a/eQJI0psIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/dorOrDJAkVS2hEFz9fdEhmOtJ3FoO2NsRnrZm4n/ed3URFdBxkSSGirIYlGUcmQkmr2OBkxRYvjEEkwUs7ciMsIKE2MDKtkQvOWXV4l/Ubuueff1SuMmT6MIJ3AKVfDgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwCtjkk=</latexit><latexit sha1_base64="uPI4xHUZjenMaVnhY5QYogA53DU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrSNQb0YtHTFwggQ3pli5Uuu2m7ZqQDf/Biwc1Xv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWaiVV0ffO++WKW3PnQKvEy0kFcjT75a/eQJI0psIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/dorOrDJAkVS2hEFz9fdEhmOtJ3FoO2NsRnrZm4n/ed3URFdBxkSSGirIYlGUcmQkmr2OBkxRYvjEEkwUs7ciMsIKE2MDKtkQvOWXV4l/Ubuueff1SuMmT6MIJ3AKVfDgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwCtjkk=</latexit><latexit sha1_base64="uPI4xHUZjenMaVnhY5QYogA53DU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrSNQb0YtHTFwggQ3pli5Uuu2m7ZqQDf/Biwc1Xv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWaiVV0ffO++WKW3PnQKvEy0kFcjT75a/eQJI0psIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/dorOrDJAkVS2hEFz9fdEhmOtJ3FoO2NsRnrZm4n/ed3URFdBxkSSGirIYlGUcmQkmr2OBkxRYvjEEkwUs7ciMsIKE2MDKtkQvOWXV4l/Ubuueff1SuMmT6MIJ3AKVfDgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwCtjkk=</latexit><latexit sha1_base64="uPI4xHUZjenMaVnhY5QYogA53DU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrSNQb0YtHTFwggQ3pli5Uuu2m7ZqQDf/Biwc1Xv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWaiVV0ffO++WKW3PnQKvEy0kFcjT75a/eQJI0psIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/dorOrDJAkVS2hEFz9fdEhmOtJ3FoO2NsRnrZm4n/ed3URFdBxkSSGirIYlGUcmQkmr2OBkxRYvjEEkwUs7ciMsIKE2MDKtkQvOWXV4l/Ubuueff1SuMmT6MIJ3AKVfDgEhpwB03wgcAjPMMrvDnSeXHenY9Fa8HJZ47hD5zPHwCtjkk=</latexit>

p(d1 �R[h0
1])

<latexit sha1_base64="/2yzkZyxnZVd/QrhVUN8GBZceVU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BItYD5ZEBPVW9OKxirGFNIbNZtMu3WzC7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb1e2de5lkAhMHJywRnQBJwignjqKKkU4qCIoDRtrB4Grstx+JkDThd2qYEi9GPU4jipHS0kNaD337+NbtH/q2d+RXa1bDmsCcJ3ZBalCg5Ve/umGCs5hwhRmS0rWtVHk5EopiRkaVbiZJivAA9YirKUcxkV4+uXpkHmglNKNE6OLKnKi/J3IUSzmMA90ZI9WXs95Y/M9zMxWdeznlaaYIx9NFUcZMlZjjCMyQCoIVG2qCsKD6VhP3kUBY6aAqOgR79uV54pw0Lhr2zWmteVmkUYY92Ic62HAGTbiGFjiAQcAzvMKb8WS8GO/Gx7S1ZBQzu/AHxucPt/eQ5Q==</latexit><latexit sha1_base64="/2yzkZyxnZVd/QrhVUN8GBZceVU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BItYD5ZEBPVW9OKxirGFNIbNZtMu3WzC7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb1e2de5lkAhMHJywRnQBJwignjqKKkU4qCIoDRtrB4Grstx+JkDThd2qYEi9GPU4jipHS0kNaD337+NbtH/q2d+RXa1bDmsCcJ3ZBalCg5Ve/umGCs5hwhRmS0rWtVHk5EopiRkaVbiZJivAA9YirKUcxkV4+uXpkHmglNKNE6OLKnKi/J3IUSzmMA90ZI9WXs95Y/M9zMxWdeznlaaYIx9NFUcZMlZjjCMyQCoIVG2qCsKD6VhP3kUBY6aAqOgR79uV54pw0Lhr2zWmteVmkUYY92Ic62HAGTbiGFjiAQcAzvMKb8WS8GO/Gx7S1ZBQzu/AHxucPt/eQ5Q==</latexit><latexit sha1_base64="/2yzkZyxnZVd/QrhVUN8GBZceVU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BItYD5ZEBPVW9OKxirGFNIbNZtMu3WzC7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb1e2de5lkAhMHJywRnQBJwignjqKKkU4qCIoDRtrB4Grstx+JkDThd2qYEi9GPU4jipHS0kNaD337+NbtH/q2d+RXa1bDmsCcJ3ZBalCg5Ve/umGCs5hwhRmS0rWtVHk5EopiRkaVbiZJivAA9YirKUcxkV4+uXpkHmglNKNE6OLKnKi/J3IUSzmMA90ZI9WXs95Y/M9zMxWdeznlaaYIx9NFUcZMlZjjCMyQCoIVG2qCsKD6VhP3kUBY6aAqOgR79uV54pw0Lhr2zWmteVmkUYY92Ic62HAGTbiGFjiAQcAzvMKb8WS8GO/Gx7S1ZBQzu/AHxucPt/eQ5Q==</latexit><latexit sha1_base64="/2yzkZyxnZVd/QrhVUN8GBZceVU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BItYD5ZEBPVW9OKxirGFNIbNZtMu3WzC7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb1e2de5lkAhMHJywRnQBJwignjqKKkU4qCIoDRtrB4Grstx+JkDThd2qYEi9GPU4jipHS0kNaD337+NbtH/q2d+RXa1bDmsCcJ3ZBalCg5Ve/umGCs5hwhRmS0rWtVHk5EopiRkaVbiZJivAA9YirKUcxkV4+uXpkHmglNKNE6OLKnKi/J3IUSzmMA90ZI9WXs95Y/M9zMxWdeznlaaYIx9NFUcZMlZjjCMyQCoIVG2qCsKD6VhP3kUBY6aAqOgR79uV54pw0Lhr2zWmteVmkUYY92Ic62HAGTbiGFjiAQcAzvMKb8WS8GO/Gx7S1ZBQzu/AHxucPt/eQ5Q==</latexit>

p(d1 �R[h0
1]) = p(n1) = p(d1|h0

1)
<latexit sha1_base64="rLMtkMvBz9V4T0HCPJuLKZ3kCPw=">AAACCXicbZC9TsMwFIWd8lfKX4CRJVAh2oEqQUjAgFTBwlgQoZXSKHIcp7XqOJHtIFWhMwuvwsIAiJU3YONtcNoM0HIly0ffuVf2PX5CiZCm+a2V5uYXFpfKy5WV1bX1DX1z607EKUfYRjGNeceHAlPCsC2JpLiTcAwjn+K2P7jM/fY95oLE7FYOE+xGsMdISBCUCnn6blILPOvwxukfeJZbP09qzLPyS9GHnNU9vWo2zHEZs8IqRBUU1fL0r24QozTCTCIKhXAsM5FuBrkkiOJRpZsKnEA0gD3sKMlghIWbjVcZGfuKBEYYc3WYNMb090QGIyGGka86Iyj7YtrL4X+ek8rw1M0IS1KJGZo8FKbUkLGR52IEhGMk6VAJiDhRfzVQH3KIpEqvokKwpleeFfZR46xhXR9XmxdFGmWwA/ZADVjgBDTBFWgBGyDwCJ7BK3jTnrQX7V37mLSWtGJmG/wp7fMH0HWXXQ==</latexit><latexit sha1_base64="rLMtkMvBz9V4T0HCPJuLKZ3kCPw=">AAACCXicbZC9TsMwFIWd8lfKX4CRJVAh2oEqQUjAgFTBwlgQoZXSKHIcp7XqOJHtIFWhMwuvwsIAiJU3YONtcNoM0HIly0ffuVf2PX5CiZCm+a2V5uYXFpfKy5WV1bX1DX1z607EKUfYRjGNeceHAlPCsC2JpLiTcAwjn+K2P7jM/fY95oLE7FYOE+xGsMdISBCUCnn6blILPOvwxukfeJZbP09qzLPyS9GHnNU9vWo2zHEZs8IqRBUU1fL0r24QozTCTCIKhXAsM5FuBrkkiOJRpZsKnEA0gD3sKMlghIWbjVcZGfuKBEYYc3WYNMb090QGIyGGka86Iyj7YtrL4X+ek8rw1M0IS1KJGZo8FKbUkLGR52IEhGMk6VAJiDhRfzVQH3KIpEqvokKwpleeFfZR46xhXR9XmxdFGmWwA/ZADVjgBDTBFWgBGyDwCJ7BK3jTnrQX7V37mLSWtGJmG/wp7fMH0HWXXQ==</latexit><latexit sha1_base64="rLMtkMvBz9V4T0HCPJuLKZ3kCPw=">AAACCXicbZC9TsMwFIWd8lfKX4CRJVAh2oEqQUjAgFTBwlgQoZXSKHIcp7XqOJHtIFWhMwuvwsIAiJU3YONtcNoM0HIly0ffuVf2PX5CiZCm+a2V5uYXFpfKy5WV1bX1DX1z607EKUfYRjGNeceHAlPCsC2JpLiTcAwjn+K2P7jM/fY95oLE7FYOE+xGsMdISBCUCnn6blILPOvwxukfeJZbP09qzLPyS9GHnNU9vWo2zHEZs8IqRBUU1fL0r24QozTCTCIKhXAsM5FuBrkkiOJRpZsKnEA0gD3sKMlghIWbjVcZGfuKBEYYc3WYNMb090QGIyGGka86Iyj7YtrL4X+ek8rw1M0IS1KJGZo8FKbUkLGR52IEhGMk6VAJiDhRfzVQH3KIpEqvokKwpleeFfZR46xhXR9XmxdFGmWwA/ZADVjgBDTBFWgBGyDwCJ7BK3jTnrQX7V37mLSWtGJmG/wp7fMH0HWXXQ==</latexit><latexit sha1_base64="rLMtkMvBz9V4T0HCPJuLKZ3kCPw=">AAACCXicbZC9TsMwFIWd8lfKX4CRJVAh2oEqQUjAgFTBwlgQoZXSKHIcp7XqOJHtIFWhMwuvwsIAiJU3YONtcNoM0HIly0ffuVf2PX5CiZCm+a2V5uYXFpfKy5WV1bX1DX1z607EKUfYRjGNeceHAlPCsC2JpLiTcAwjn+K2P7jM/fY95oLE7FYOE+xGsMdISBCUCnn6blILPOvwxukfeJZbP09qzLPyS9GHnNU9vWo2zHEZs8IqRBUU1fL0r24QozTCTCIKhXAsM5FuBrkkiOJRpZsKnEA0gD3sKMlghIWbjVcZGfuKBEYYc3WYNMb090QGIyGGka86Iyj7YtrL4X+ek8rw1M0IS1KJGZo8FKbUkLGR52IEhGMk6VAJiDhRfzVQH3KIpEqvokKwpleeFfZR46xhXR9XmxdFGmWwA/ZADVjgBDTBFWgBGyDwCJ7BK3jTnrQX7V37mLSWtGJmG/wp7fMH0HWXXQ==</latexit>

d1 �R[h0
1])

<latexit sha1_base64="t+wJ2Jai3h+6Xa+gPe9FizVLPjU=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLqwZKIoN6KXjxWMbaQhrDZbNqlm03Y3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemHGmtG1/WwuLS8srq5W16vrG5tZ2bWf3UaW5JNQlKU9lJ8SKciaoq5nmtJNJipOQ03Y4uBn77ScqFUvFgx5m1E9wT7CYEayN1I0C5/Te6x8Fjn8S1Op2w54AzROnJHUo0QpqX90oJXlChSYcK+U5dqb9AkvNCKejajdXNMNkgHvUM1TghCq/mNw8QodGiVCcSlNCo4n6e6LAiVLDJDSdCdZ9NeuNxf88L9fxpV8wkeWaCjJdFOcc6RSNA0ARk5RoPjQEE8nMrYj0scREm5iqJgRn9uV54p41rhrO3Xm9eV2mUYF9OIBjcOACmnALLXCBQAbP8ApvVm69WO/Wx7R1wSpn9uAPrM8fgJyQOQ==</latexit><latexit sha1_base64="t+wJ2Jai3h+6Xa+gPe9FizVLPjU=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLqwZKIoN6KXjxWMbaQhrDZbNqlm03Y3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemHGmtG1/WwuLS8srq5W16vrG5tZ2bWf3UaW5JNQlKU9lJ8SKciaoq5nmtJNJipOQ03Y4uBn77ScqFUvFgx5m1E9wT7CYEayN1I0C5/Te6x8Fjn8S1Op2w54AzROnJHUo0QpqX90oJXlChSYcK+U5dqb9AkvNCKejajdXNMNkgHvUM1TghCq/mNw8QodGiVCcSlNCo4n6e6LAiVLDJDSdCdZ9NeuNxf88L9fxpV8wkeWaCjJdFOcc6RSNA0ARk5RoPjQEE8nMrYj0scREm5iqJgRn9uV54p41rhrO3Xm9eV2mUYF9OIBjcOACmnALLXCBQAbP8ApvVm69WO/Wx7R1wSpn9uAPrM8fgJyQOQ==</latexit><latexit sha1_base64="t+wJ2Jai3h+6Xa+gPe9FizVLPjU=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLqwZKIoN6KXjxWMbaQhrDZbNqlm03Y3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemHGmtG1/WwuLS8srq5W16vrG5tZ2bWf3UaW5JNQlKU9lJ8SKciaoq5nmtJNJipOQ03Y4uBn77ScqFUvFgx5m1E9wT7CYEayN1I0C5/Te6x8Fjn8S1Op2w54AzROnJHUo0QpqX90oJXlChSYcK+U5dqb9AkvNCKejajdXNMNkgHvUM1TghCq/mNw8QodGiVCcSlNCo4n6e6LAiVLDJDSdCdZ9NeuNxf88L9fxpV8wkeWaCjJdFOcc6RSNA0ARk5RoPjQEE8nMrYj0scREm5iqJgRn9uV54p41rhrO3Xm9eV2mUYF9OIBjcOACmnALLXCBQAbP8ApvVm69WO/Wx7R1wSpn9uAPrM8fgJyQOQ==</latexit><latexit sha1_base64="t+wJ2Jai3h+6Xa+gPe9FizVLPjU=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSLqwZKIoN6KXjxWMbaQhrDZbNqlm03Y3Qgl9G948aDi1V/jzX/jts1BWx8MPN6bYWZemHGmtG1/WwuLS8srq5W16vrG5tZ2bWf3UaW5JNQlKU9lJ8SKciaoq5nmtJNJipOQ03Y4uBn77ScqFUvFgx5m1E9wT7CYEayN1I0C5/Te6x8Fjn8S1Op2w54AzROnJHUo0QpqX90oJXlChSYcK+U5dqb9AkvNCKejajdXNMNkgHvUM1TghCq/mNw8QodGiVCcSlNCo4n6e6LAiVLDJDSdCdZ9NeuNxf88L9fxpV8wkeWaCjJdFOcc6RSNA0ARk5RoPjQEE8nMrYj0scREm5iqJgRn9uV54p41rhrO3Xm9eV2mUYF9OIBjcOACmnALLXCBQAbP8ApvVm69WO/Wx7R1wSpn9uAPrM8fgJyQOQ==</latexit>



Many data points

Joint probability for the noise from all frequency bins 

8

d = {d1, d2, ..., dNf } = {R[h1] + n1, R[h2] + n2, ..., R[hNf ] + nNf }
<latexit sha1_base64="stjiuJ0JyBi1YO/KvOrJ6G+jsTk="></latexit><latexit sha1_base64="stjiuJ0JyBi1YO/KvOrJ6G+jsTk="></latexit><latexit sha1_base64="stjiuJ0JyBi1YO/KvOrJ6G+jsTk="></latexit><latexit sha1_base64="stjiuJ0JyBi1YO/KvOrJ6G+jsTk="></latexit>

d = {d1, d2, ..., dNf } = {R[h1] + n1, R[h2] + n2, ..., R[hNf ] + nNf }
<latexit sha1_base64="stjiuJ0JyBi1YO/KvOrJ6G+jsTk="></latexit><latexit sha1_base64="stjiuJ0JyBi1YO/KvOrJ6G+jsTk="></latexit><latexit sha1_base64="stjiuJ0JyBi1YO/KvOrJ6G+jsTk="></latexit><latexit sha1_base64="stjiuJ0JyBi1YO/KvOrJ6G+jsTk="></latexit>

p(d|h0) = p(d1 �R[h0
1], d2 �R[h0

2], ..., dNf �R[h0
Nf

]) = p(n1, n2, ..., nNf )
<latexit sha1_base64="FE3Il3FdW1JUiGkfKc0OEhCaJK4="></latexit><latexit sha1_base64="FE3Il3FdW1JUiGkfKc0OEhCaJK4="></latexit><latexit sha1_base64="FE3Il3FdW1JUiGkfKc0OEhCaJK4="></latexit><latexit sha1_base64="FE3Il3FdW1JUiGkfKc0OEhCaJK4="></latexit>

discrete frequency bins



Two critical assumptions

Gaussian noise

Stationary noise

detector PSD
(no summation)

9

noise correlation 
matrix

p(n1, n2, ..., nNf ) ⇠ e�
1
2niC

�1
ij nj

<latexit sha1_base64="GIE6YegR34x0oLB5o4Z30wGiQGQ="></latexit><latexit sha1_base64="GIE6YegR34x0oLB5o4Z30wGiQGQ="></latexit><latexit sha1_base64="GIE6YegR34x0oLB5o4Z30wGiQGQ="></latexit><latexit sha1_base64="GIE6YegR34x0oLB5o4Z30wGiQGQ="></latexit>

Cij =
1

2
Sn(fi)�ij

<latexit sha1_base64="rMuE+C2CiBgX7lKmQnfshepKciA=">AAACDXicbVBNS8NAEN34WetX1KOXYCnUS0mKoB6EYi8eKxpbaELYbDbt2s0m7G6EEvILvPhXvHhQ8erdm//GbZqDtj4YeLw3w8w8P6FESNP81paWV1bX1isb1c2t7Z1dfW//TsQpR9hGMY1534cCU8KwLYmkuJ9wDCOf4p4/7kz93gPmgsTsVk4S7EZwyEhIEJRK8vR6x8vIfX7hhByizMqzVn7jsUbokWMnwFTCwvb0mtk0CxiLxCpJDZToevqXE8QojTCTiEIhBpaZSDeDXBJEcV51UoETiMZwiAeKMhhh4WbFO7lRV0pghDFXxaRRqL8nMhgJMYl81RlBORLz3lT8zxukMjxzM8KSVGKGZovClBoyNqbZGAHhGEk6UQQiTtStBhpBFYxUCVZVCNb8y4vEbjXPm9b1Sa19WaZRAYfgCDSABU5BG1yBLrABAo/gGbyCN+1Je9HetY9Z65JWzhyAP9A+fwCrpJwV</latexit><latexit sha1_base64="rMuE+C2CiBgX7lKmQnfshepKciA=">AAACDXicbVBNS8NAEN34WetX1KOXYCnUS0mKoB6EYi8eKxpbaELYbDbt2s0m7G6EEvILvPhXvHhQ8erdm//GbZqDtj4YeLw3w8w8P6FESNP81paWV1bX1isb1c2t7Z1dfW//TsQpR9hGMY1534cCU8KwLYmkuJ9wDCOf4p4/7kz93gPmgsTsVk4S7EZwyEhIEJRK8vR6x8vIfX7hhByizMqzVn7jsUbokWMnwFTCwvb0mtk0CxiLxCpJDZToevqXE8QojTCTiEIhBpaZSDeDXBJEcV51UoETiMZwiAeKMhhh4WbFO7lRV0pghDFXxaRRqL8nMhgJMYl81RlBORLz3lT8zxukMjxzM8KSVGKGZovClBoyNqbZGAHhGEk6UQQiTtStBhpBFYxUCVZVCNb8y4vEbjXPm9b1Sa19WaZRAYfgCDSABU5BG1yBLrABAo/gGbyCN+1Je9HetY9Z65JWzhyAP9A+fwCrpJwV</latexit><latexit sha1_base64="rMuE+C2CiBgX7lKmQnfshepKciA=">AAACDXicbVBNS8NAEN34WetX1KOXYCnUS0mKoB6EYi8eKxpbaELYbDbt2s0m7G6EEvILvPhXvHhQ8erdm//GbZqDtj4YeLw3w8w8P6FESNP81paWV1bX1isb1c2t7Z1dfW//TsQpR9hGMY1534cCU8KwLYmkuJ9wDCOf4p4/7kz93gPmgsTsVk4S7EZwyEhIEJRK8vR6x8vIfX7hhByizMqzVn7jsUbokWMnwFTCwvb0mtk0CxiLxCpJDZToevqXE8QojTCTiEIhBpaZSDeDXBJEcV51UoETiMZwiAeKMhhh4WbFO7lRV0pghDFXxaRRqL8nMhgJMYl81RlBORLz3lT8zxukMjxzM8KSVGKGZovClBoyNqbZGAHhGEk6UQQiTtStBhpBFYxUCVZVCNb8y4vEbjXPm9b1Sa19WaZRAYfgCDSABU5BG1yBLrABAo/gGbyCN+1Je9HetY9Z65JWzhyAP9A+fwCrpJwV</latexit><latexit sha1_base64="rMuE+C2CiBgX7lKmQnfshepKciA=">AAACDXicbVBNS8NAEN34WetX1KOXYCnUS0mKoB6EYi8eKxpbaELYbDbt2s0m7G6EEvILvPhXvHhQ8erdm//GbZqDtj4YeLw3w8w8P6FESNP81paWV1bX1isb1c2t7Z1dfW//TsQpR9hGMY1534cCU8KwLYmkuJ9wDCOf4p4/7kz93gPmgsTsVk4S7EZwyEhIEJRK8vR6x8vIfX7hhByizMqzVn7jsUbokWMnwFTCwvb0mtk0CxiLxCpJDZToevqXE8QojTCTiEIhBpaZSDeDXBJEcV51UoETiMZwiAeKMhhh4WbFO7lRV0pghDFXxaRRqL8nMhgJMYl81RlBORLz3lT8zxukMjxzM8KSVGKGZovClBoyNqbZGAHhGEk6UQQiTtStBhpBFYxUCVZVCNb8y4vEbjXPm9b1Sa19WaZRAYfgCDSABU5BG1yBLrABAo/gGbyCN+1Je9HetY9Z65JWzhyAP9A+fwCrpJwV</latexit>



Likelihood

where the discrete frequency bins are now continuous 
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p(d|h) ⇠ e�
1
2 (d�R[h]|d�R[h])

<latexit sha1_base64="dLVpeJA4Dwmv6Q0j+Nvc4BHimPU=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqkVolFRKwVbAwFkRopTZUjuO0Vu0ksh2kKs0/sPArLAyAWJnY+BvcxwAtR7q6R+fcK/seL2ZUKsv6NnJLyyura/n1wsbm1vaOubt3J6NEYOLgiEWi5SFJGA2Jo6hipBULgrjHSNMbXI795gMRkkbhrRrGxOWoF9KAYqS01DWP45I/6pc7knJI7tNKJxAIp3aW1rKSX7lp993RtJWzrlm0qtYEcJHYM1IEMzS65lfHj3DCSagwQ1K2bStWboqEopiRrNBJJIkRHqAeaWsaIk6km05uyuCRVnwYREJXqOBE/b2RIi7lkHt6kiPVl/PeWPzPaycqOHNTGsaJIiGePhQkDKoIjgOCPhUEKzbUBGFB9V8h7iOditIxFnQI9vzJi8SpVc+r1vVJsX4xSyMPDsAhKAEbnII6uAIN4AAMHsEzeAVvxpPxYrwbH9PRnDHb2Qd/YHz+AKcPnPY=</latexit><latexit sha1_base64="dLVpeJA4Dwmv6Q0j+Nvc4BHimPU=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqkVolFRKwVbAwFkRopTZUjuO0Vu0ksh2kKs0/sPArLAyAWJnY+BvcxwAtR7q6R+fcK/seL2ZUKsv6NnJLyyura/n1wsbm1vaOubt3J6NEYOLgiEWi5SFJGA2Jo6hipBULgrjHSNMbXI795gMRkkbhrRrGxOWoF9KAYqS01DWP45I/6pc7knJI7tNKJxAIp3aW1rKSX7lp993RtJWzrlm0qtYEcJHYM1IEMzS65lfHj3DCSagwQ1K2bStWboqEopiRrNBJJIkRHqAeaWsaIk6km05uyuCRVnwYREJXqOBE/b2RIi7lkHt6kiPVl/PeWPzPaycqOHNTGsaJIiGePhQkDKoIjgOCPhUEKzbUBGFB9V8h7iOditIxFnQI9vzJi8SpVc+r1vVJsX4xSyMPDsAhKAEbnII6uAIN4AAMHsEzeAVvxpPxYrwbH9PRnDHb2Qd/YHz+AKcPnPY=</latexit><latexit sha1_base64="dLVpeJA4Dwmv6Q0j+Nvc4BHimPU=">AAACEnicbVC7TsMwFHXKq5RXgJHFokJqkVolFRKwVbAwFkRopTZUjuO0Vu0ksh2kKs0/sPArLAyAWJnY+BvcxwAtR7q6R+fcK/seL2ZUKsv6NnJLyyura/n1wsbm1vaOubt3J6NEYOLgiEWi5SFJGA2Jo6hipBULgrjHSNMbXI795gMRkkbhrRrGxOWoF9KAYqS01DWP45I/6pc7knJI7tNKJxAIp3aW1rKSX7lp993RtJWzrlm0qtYEcJHYM1IEMzS65lfHj3DCSagwQ1K2bStWboqEopiRrNBJJIkRHqAeaWsaIk6km05uyuCRVnwYREJXqOBE/b2RIi7lkHt6kiPVl/PeWPzPaycqOHNTGsaJIiGePhQkDKoIjgOCPhUEKzbUBGFB9V8h7iOditIxFnQI9vzJi8SpVc+r1vVJsX4xSyMPDsAhKAEbnII6uAIN4AAMHsEzeAVvxpPxYrwbH9PRnDHb2Qd/YHz+AKcPnPY=</latexit>

(a|b) = 4

Z
a(f)b⇤(f)

Sn(f)
df

<latexit sha1_base64="IMccqjrI0ldw9eE74N55aAjroZ8=">AAACDnicbVC7TsMwFHV4lvIKMLJEVKCWoUpQJWBAqmBhLILQSk2IHMdprTpOZDtIVegfsPArLAyAWJnZ+BucNgO0HMm+R+fcK/seP6FESNP81ubmFxaXlksr5dW19Y1NfWv7VsQpR9hGMY15x4cCU8KwLYmkuJNwDCOf4rY/uMj99j3mgsTsRg4T7Eawx0hIEJRK8vSDKnzwa2cNhzDphByiDFbDmn93qO5Rdu2xvAahp1fMujmGMUusglRAgZanfzlBjNIIM4koFKJrmYl0M8glQRSPyk4qcALRAPZwV1EGIyzcbLzPyNhXSmCEMVeHSWOs/p7IYCTEMPJVZwRlX0x7ufif101leOJmhCWpxAxNHgpTasjYyMMxAsIxknSoCEScqL8aqA9VKlJFWFYhWNMrzxL7qH5at64aleZ5kUYJ7II9UAUWOAZNcAlawAYIPIJn8AretCftRXvXPiatc1oxswP+QPv8AefLmuU=</latexit><latexit sha1_base64="IMccqjrI0ldw9eE74N55aAjroZ8=">AAACDnicbVC7TsMwFHV4lvIKMLJEVKCWoUpQJWBAqmBhLILQSk2IHMdprTpOZDtIVegfsPArLAyAWJnZ+BucNgO0HMm+R+fcK/seP6FESNP81ubmFxaXlksr5dW19Y1NfWv7VsQpR9hGMY15x4cCU8KwLYmkuJNwDCOf4rY/uMj99j3mgsTsRg4T7Eawx0hIEJRK8vSDKnzwa2cNhzDphByiDFbDmn93qO5Rdu2xvAahp1fMujmGMUusglRAgZanfzlBjNIIM4koFKJrmYl0M8glQRSPyk4qcALRAPZwV1EGIyzcbLzPyNhXSmCEMVeHSWOs/p7IYCTEMPJVZwRlX0x7ufif101leOJmhCWpxAxNHgpTasjYyMMxAsIxknSoCEScqL8aqA9VKlJFWFYhWNMrzxL7qH5at64aleZ5kUYJ7II9UAUWOAZNcAlawAYIPIJn8AretCftRXvXPiatc1oxswP+QPv8AefLmuU=</latexit><latexit sha1_base64="IMccqjrI0ldw9eE74N55aAjroZ8=">AAACDnicbVC7TsMwFHV4lvIKMLJEVKCWoUpQJWBAqmBhLILQSk2IHMdprTpOZDtIVegfsPArLAyAWJnZ+BucNgO0HMm+R+fcK/seP6FESNP81ubmFxaXlksr5dW19Y1NfWv7VsQpR9hGMY15x4cCU8KwLYmkuJNwDCOf4rY/uMj99j3mgsTsRg4T7Eawx0hIEJRK8vSDKnzwa2cNhzDphByiDFbDmn93qO5Rdu2xvAahp1fMujmGMUusglRAgZanfzlBjNIIM4koFKJrmYl0M8glQRSPyk4qcALRAPZwV1EGIyzcbLzPyNhXSmCEMVeHSWOs/p7IYCTEMPJVZwRlX0x7ufif101leOJmhCWpxAxNHgpTasjYyMMxAsIxknSoCEScqL8aqA9VKlJFWFYhWNMrzxL7qH5at64aleZ5kUYJ7II9UAUWOAZNcAlawAYIPIJn8AretCftRXvXPiatc1oxswP+QPv8AefLmuU=</latexit><latexit sha1_base64="IMccqjrI0ldw9eE74N55aAjroZ8=">AAACDnicbVC7TsMwFHV4lvIKMLJEVKCWoUpQJWBAqmBhLILQSk2IHMdprTpOZDtIVegfsPArLAyAWJnZ+BucNgO0HMm+R+fcK/seP6FESNP81ubmFxaXlksr5dW19Y1NfWv7VsQpR9hGMY15x4cCU8KwLYmkuJNwDCOf4rY/uMj99j3mgsTsRg4T7Eawx0hIEJRK8vSDKnzwa2cNhzDphByiDFbDmn93qO5Rdu2xvAahp1fMujmGMUusglRAgZanfzlBjNIIM4koFKJrmYl0M8glQRSPyk4qcALRAPZwV1EGIyzcbLzPyNhXSmCEMVeHSWOs/p7IYCTEMPJVZwRlX0x7ufif101leOJmhCWpxAxNHgpTasjYyMMxAsIxknSoCEScqL8aqA9VKlJFWFYhWNMrzxL7qH5at64aleZ5kUYJ7II9UAUWOAZNcAlawAYIPIJn8AretCftRXvXPiatc1oxswP+QPv8AefLmuU=</latexit>

Probability of obtaining data d assuming signal h and that the 
noise is stationary and gaussian 



PSD Calculation
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For more details see 
Littenberg and Cornish (arxiv:1410.3852)

On-source

Off-source (average)



Gaussianity

LVC (PRL:119, 161101)

d = R[h] + n+ g
<latexit sha1_base64="1kf3FgPiRhxMnqPfToPWHmh6kj4=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBKJREBPUgFL14rGJsMQ1ls9m0SzebsLsRSui/8OJBxas/x5v/xm2bg7Y+GHi8N8PMvCDlTGnb/rZKS8srq2vl9crG5tb2TnV370ElmSTUJQlPZCfAinImqKuZ5rSTSorjgNN2MLye+O0nKhVLxL0epdSPcV+wiBGsjfQYXt55A78u6v1etWY37CnQInEKUoMCrV71qxsmJIup0IRjpTzHTrWfY6kZ4XRc6WaKppgMcZ96hgocU+Xn04vH6MgoIYoSaUpoNFV/T+Q4VmoUB6Yzxnqg5r2J+J/nZTo693Mm0kxTQWaLoowjnaDJ+yhkkhLNR4ZgIpm5FZEBlphoE1LFhODMv7xI3JPGRcO+Pa01r4o0ynAAh3AMDpxBE26gBS4QEPAMr/BmKevFerc+Zq0lq5jZhz+wPn8A4P2P7w==</latexit><latexit sha1_base64="1kf3FgPiRhxMnqPfToPWHmh6kj4=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBKJREBPUgFL14rGJsMQ1ls9m0SzebsLsRSui/8OJBxas/x5v/xm2bg7Y+GHi8N8PMvCDlTGnb/rZKS8srq2vl9crG5tb2TnV370ElmSTUJQlPZCfAinImqKuZ5rSTSorjgNN2MLye+O0nKhVLxL0epdSPcV+wiBGsjfQYXt55A78u6v1etWY37CnQInEKUoMCrV71qxsmJIup0IRjpTzHTrWfY6kZ4XRc6WaKppgMcZ96hgocU+Xn04vH6MgoIYoSaUpoNFV/T+Q4VmoUB6Yzxnqg5r2J+J/nZTo693Mm0kxTQWaLoowjnaDJ+yhkkhLNR4ZgIpm5FZEBlphoE1LFhODMv7xI3JPGRcO+Pa01r4o0ynAAh3AMDpxBE26gBS4QEPAMr/BmKevFerc+Zq0lq5jZhz+wPn8A4P2P7w==</latexit><latexit sha1_base64="1kf3FgPiRhxMnqPfToPWHmh6kj4=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZBKJREBPUgFL14rGJsMQ1ls9m0SzebsLsRSui/8OJBxas/x5v/xm2bg7Y+GHi8N8PMvCDlTGnb/rZKS8srq2vl9crG5tb2TnV370ElmSTUJQlPZCfAinImqKuZ5rSTSorjgNN2MLye+O0nKhVLxL0epdSPcV+wiBGsjfQYXt55A78u6v1etWY37CnQInEKUoMCrV71qxsmJIup0IRjpTzHTrWfY6kZ4XRc6WaKppgMcZ96hgocU+Xn04vH6MgoIYoSaUpoNFV/T+Q4VmoUB6Yzxnqg5r2J+J/nZTo693Mm0kxTQWaLoowjnaDJ+yhkkhLNR4ZgIpm5FZEBlphoE1LFhODMv7xI3JPGRcO+Pa01r4o0ynAAh3AMDpxBE26gBS4QEPAMr/BmKevFerc+Zq0lq5jZhz+wPn8A4P2P7w==</latexit>

Include glitch 
in the likelihood or 

remove it from the data
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Stationarity
Recompute the PSD for every detector and for every event
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For more details see 
Littenberg and Cornish (arxiv:1410.3852)
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Prior

p(h0|d) = p(d|h0)p(h0)

p(d)

Prior
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Weak prior

h0 !
NX

w(~y)

p(h0) = �

"
h0 �

NX
w(~y)

#
p(~y,N)

Less sensitive, more flexible
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Decompose the signal as a sum of bases functions



Strong prior

h0 !

More sensitive, less flexible
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Waveform models for the waves emitted from a compact binary 
coalescence: IMRPhenomPv2, IMRPhenomD, SEOBNRv3, SEOBNRv4…

The various models differ both in the physical effects they 
assume and the methods they use to describe the waveform



Compact binaries
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L

priors on the system 
parameters

What we know about 
the parameters of 
the system before 
obtaining the data   

p(h0) = �(h0 � h0(~✓))p(~✓)
<latexit sha1_base64="1gAvuRb8XVMUtRPRu1IDvAlyabs=">AAACGHicbZC7TgJBFIZn8YZ4Qy1tNhIDFJJdY6IWJkQbS0xESFhCZocDO2H2kpmzJGTDa9j4KjYWamzpfBsH2ELAP5nkm/+ck5nzu5HgCi3rx8isrW9sbmW3czu7e/sH+cOjZxXGkkGdhSKUTZcqEDyAOnIU0IwkUN8V0HAH99N6YwhS8TB4wlEEbZ/2A97jjKK2OnkrKnnF8q3TBYFU47lXLDlDYImDHiAdl8vR4r2TL1gVayZzFewUCiRVrZOfON2QxT4EyARVqmVbEbYTKpEzAeOcEyuIKBvQPrQ0BtQH1U5mm43NM+10zV4o9QnQnLl/JxLqKzXyXd3pU/TUcm1q/ldrxdi7bic8iGKEgM0f6sXCxNCcxmR2uQSGYqSBMsn1X03mUUkZ6jBzOgR7eeVVqF9Ubir242WhepemkSUn5JSUiE2uSJU8kBqpE0ZeyBv5IJ/Gq/FufBnf89aMkc4ckwUZk1+NWZ8I</latexit><latexit sha1_base64="1gAvuRb8XVMUtRPRu1IDvAlyabs=">AAACGHicbZC7TgJBFIZn8YZ4Qy1tNhIDFJJdY6IWJkQbS0xESFhCZocDO2H2kpmzJGTDa9j4KjYWamzpfBsH2ELAP5nkm/+ck5nzu5HgCi3rx8isrW9sbmW3czu7e/sH+cOjZxXGkkGdhSKUTZcqEDyAOnIU0IwkUN8V0HAH99N6YwhS8TB4wlEEbZ/2A97jjKK2OnkrKnnF8q3TBYFU47lXLDlDYImDHiAdl8vR4r2TL1gVayZzFewUCiRVrZOfON2QxT4EyARVqmVbEbYTKpEzAeOcEyuIKBvQPrQ0BtQH1U5mm43NM+10zV4o9QnQnLl/JxLqKzXyXd3pU/TUcm1q/ldrxdi7bic8iGKEgM0f6sXCxNCcxmR2uQSGYqSBMsn1X03mUUkZ6jBzOgR7eeVVqF9Ubir242WhepemkSUn5JSUiE2uSJU8kBqpE0ZeyBv5IJ/Gq/FufBnf89aMkc4ckwUZk1+NWZ8I</latexit><latexit sha1_base64="1gAvuRb8XVMUtRPRu1IDvAlyabs=">AAACGHicbZC7TgJBFIZn8YZ4Qy1tNhIDFJJdY6IWJkQbS0xESFhCZocDO2H2kpmzJGTDa9j4KjYWamzpfBsH2ELAP5nkm/+ck5nzu5HgCi3rx8isrW9sbmW3czu7e/sH+cOjZxXGkkGdhSKUTZcqEDyAOnIU0IwkUN8V0HAH99N6YwhS8TB4wlEEbZ/2A97jjKK2OnkrKnnF8q3TBYFU47lXLDlDYImDHiAdl8vR4r2TL1gVayZzFewUCiRVrZOfON2QxT4EyARVqmVbEbYTKpEzAeOcEyuIKBvQPrQ0BtQH1U5mm43NM+10zV4o9QnQnLl/JxLqKzXyXd3pU/TUcm1q/ldrxdi7bic8iGKEgM0f6sXCxNCcxmR2uQSGYqSBMsn1X03mUUkZ6jBzOgR7eeVVqF9Ubir242WhepemkSUn5JSUiE2uSJU8kBqpE0ZeyBv5IJ/Gq/FufBnf89aMkc4ckwUZk1+NWZ8I</latexit><latexit sha1_base64="1gAvuRb8XVMUtRPRu1IDvAlyabs=">AAACGHicbZC7TgJBFIZn8YZ4Qy1tNhIDFJJdY6IWJkQbS0xESFhCZocDO2H2kpmzJGTDa9j4KjYWamzpfBsH2ELAP5nkm/+ck5nzu5HgCi3rx8isrW9sbmW3czu7e/sH+cOjZxXGkkGdhSKUTZcqEDyAOnIU0IwkUN8V0HAH99N6YwhS8TB4wlEEbZ/2A97jjKK2OnkrKnnF8q3TBYFU47lXLDlDYImDHiAdl8vR4r2TL1gVayZzFewUCiRVrZOfON2QxT4EyARVqmVbEbYTKpEzAeOcEyuIKBvQPrQ0BtQH1U5mm43NM+10zV4o9QnQnLl/JxLqKzXyXd3pU/TUcm1q/ldrxdi7bic8iGKEgM0f6sXCxNCcxmR2uQSGYqSBMsn1X03mUUkZ6jBzOgR7eeVVqF9Ubir242WhepemkSUn5JSUiE2uSJU8kBqpE0ZeyBv5IJ/Gq/FufBnf89aMkc4ckwUZk1+NWZ8I</latexit>
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)
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~S2
m1 m2

D
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some range 

m1
m2

~S2

~S1

Uniform in 
direction and 
magnitude in 

[0,m2
i ]

Highly non unique and potentially influential choices

Uniform in
(0,5000)

�1
<latexit sha1_base64="MUffb41qU46bh7sv42IW+w+eGmQ=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevFYwbWVdinZbLYNTbJLkhXK0l/hxYOKV/+ON/+N2XYP2joQGGbmkfcmTDnTxnW/ncrK6tr6RnWztrW9s7tX3z940EmmCPVJwhPVDbGmnEnqG2Y47aaKYhFy2gnHN4XfeaJKs0Tem0lKA4GHksWMYGOlxz630QgPvEG94TbdGdAy8UrSgBLtQf2rHyUkE1QawrHWPc9NTZBjZRjhdFrrZ5qmmIzxkPYslVhQHeSzhafoxCoRihNlnzRopv6eyLHQeiJCmxTYjPSiV4j/eb3MxJdBzmSaGSrJ/KM448gkqLgeRUxRYvjEEkwUs7siMsIKE2M7qtkSvMWTl4l/1rxqenfnjdZ12UYVjuAYTsGDC2jBLbTBBwICnuEV3hzlvDjvzsc8WnHKmUP4A+fzB9JJj/U=</latexit><latexit sha1_base64="MUffb41qU46bh7sv42IW+w+eGmQ=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevFYwbWVdinZbLYNTbJLkhXK0l/hxYOKV/+ON/+N2XYP2joQGGbmkfcmTDnTxnW/ncrK6tr6RnWztrW9s7tX3z940EmmCPVJwhPVDbGmnEnqG2Y47aaKYhFy2gnHN4XfeaJKs0Tem0lKA4GHksWMYGOlxz630QgPvEG94TbdGdAy8UrSgBLtQf2rHyUkE1QawrHWPc9NTZBjZRjhdFrrZ5qmmIzxkPYslVhQHeSzhafoxCoRihNlnzRopv6eyLHQeiJCmxTYjPSiV4j/eb3MxJdBzmSaGSrJ/KM448gkqLgeRUxRYvjEEkwUs7siMsIKE2M7qtkSvMWTl4l/1rxqenfnjdZ12UYVjuAYTsGDC2jBLbTBBwICnuEV3hzlvDjvzsc8WnHKmUP4A+fzB9JJj/U=</latexit><latexit sha1_base64="MUffb41qU46bh7sv42IW+w+eGmQ=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevFYwbWVdinZbLYNTbJLkhXK0l/hxYOKV/+ON/+N2XYP2joQGGbmkfcmTDnTxnW/ncrK6tr6RnWztrW9s7tX3z940EmmCPVJwhPVDbGmnEnqG2Y47aaKYhFy2gnHN4XfeaJKs0Tem0lKA4GHksWMYGOlxz630QgPvEG94TbdGdAy8UrSgBLtQf2rHyUkE1QawrHWPc9NTZBjZRjhdFrrZ5qmmIzxkPYslVhQHeSzhafoxCoRihNlnzRopv6eyLHQeiJCmxTYjPSiV4j/eb3MxJdBzmSaGSrJ/KM448gkqLgeRUxRYvjEEkwUs7siMsIKE2M7qtkSvMWTl4l/1rxqenfnjdZ12UYVjuAYTsGDC2jBLbTBBwICnuEV3hzlvDjvzsc8WnHKmUP4A+fzB9JJj/U=</latexit><latexit sha1_base64="MUffb41qU46bh7sv42IW+w+eGmQ=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevFYwbWVdinZbLYNTbJLkhXK0l/hxYOKV/+ON/+N2XYP2joQGGbmkfcmTDnTxnW/ncrK6tr6RnWztrW9s7tX3z940EmmCPVJwhPVDbGmnEnqG2Y47aaKYhFy2gnHN4XfeaJKs0Tem0lKA4GHksWMYGOlxz630QgPvEG94TbdGdAy8UrSgBLtQf2rHyUkE1QawrHWPc9NTZBjZRjhdFrrZ5qmmIzxkPYslVhQHeSzhafoxCoRihNlnzRopv6eyLHQeiJCmxTYjPSiV4j/eb3MxJdBzmSaGSrJ/KM448gkqLgeRUxRYvjEEkwUs7siMsIKE2M7qtkSvMWTl4l/1rxqenfnjdZ12UYVjuAYTsGDC2jBLbTBBwICnuEV3hzlvDjvzsc8WnHKmUP4A+fzB9JJj/U=</latexit>

�2
<latexit sha1_base64="Owq2UpxOTg+cspxvalGy52V5Um8=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7JbhOqt6MVjBddW2qVks9k2NMkuSVYoS3+FFw8qXv073vw3pu0etHUgMMzMI+9NmHKmjet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMEeqThCeqG2JNOZPUN8xw2k0VxSLktBOOb2Z+54kqzRJ5byYpDQQeShYzgo2VHvvcRiM8aAyqNbfuzoFWiVeQGhRoD6pf/SghmaDSEI617nluaoIcK8MIp9NKP9M0xWSMh7RnqcSC6iCfLzxFZ1aJUJwo+6RBc/X3RI6F1hMR2qTAZqSXvZn4n9fLTHwZ5EymmaGSLD6KM45MgmbXo4gpSgyfWIKJYnZXREZYYWJsRxVbgrd88irxG/Wrund3UWtdF22U4QRO4Rw8aEILbqENPhAQ8Ayv8OYo58V5dz4W0ZJTzBzDHzifP9PMj/Y=</latexit><latexit sha1_base64="Owq2UpxOTg+cspxvalGy52V5Um8=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7JbhOqt6MVjBddW2qVks9k2NMkuSVYoS3+FFw8qXv073vw3pu0etHUgMMzMI+9NmHKmjet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMEeqThCeqG2JNOZPUN8xw2k0VxSLktBOOb2Z+54kqzRJ5byYpDQQeShYzgo2VHvvcRiM8aAyqNbfuzoFWiVeQGhRoD6pf/SghmaDSEI617nluaoIcK8MIp9NKP9M0xWSMh7RnqcSC6iCfLzxFZ1aJUJwo+6RBc/X3RI6F1hMR2qTAZqSXvZn4n9fLTHwZ5EymmaGSLD6KM45MgmbXo4gpSgyfWIKJYnZXREZYYWJsRxVbgrd88irxG/Wrund3UWtdF22U4QRO4Rw8aEILbqENPhAQ8Ayv8OYo58V5dz4W0ZJTzBzDHzifP9PMj/Y=</latexit><latexit sha1_base64="Owq2UpxOTg+cspxvalGy52V5Um8=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7JbhOqt6MVjBddW2qVks9k2NMkuSVYoS3+FFw8qXv073vw3pu0etHUgMMzMI+9NmHKmjet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMEeqThCeqG2JNOZPUN8xw2k0VxSLktBOOb2Z+54kqzRJ5byYpDQQeShYzgo2VHvvcRiM8aAyqNbfuzoFWiVeQGhRoD6pf/SghmaDSEI617nluaoIcK8MIp9NKP9M0xWSMh7RnqcSC6iCfLzxFZ1aJUJwo+6RBc/X3RI6F1hMR2qTAZqSXvZn4n9fLTHwZ5EymmaGSLD6KM45MgmbXo4gpSgyfWIKJYnZXREZYYWJsRxVbgrd88irxG/Wrund3UWtdF22U4QRO4Rw8aEILbqENPhAQ8Ayv8OYo58V5dz4W0ZJTzBzDHzifP9PMj/Y=</latexit><latexit sha1_base64="Owq2UpxOTg+cspxvalGy52V5Um8=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7JbhOqt6MVjBddW2qVks9k2NMkuSVYoS3+FFw8qXv073vw3pu0etHUgMMzMI+9NmHKmjet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMEeqThCeqG2JNOZPUN8xw2k0VxSLktBOOb2Z+54kqzRJ5byYpDQQeShYzgo2VHvvcRiM8aAyqNbfuzoFWiVeQGhRoD6pf/SghmaDSEI617nluaoIcK8MIp9NKP9M0xWSMh7RnqcSC6iCfLzxFZ1aJUJwo+6RBc/X3RI6F1hMR2qTAZqSXvZn4n9fLTHwZ5EymmaGSLD6KM45MgmbXo4gpSgyfWIKJYnZXREZYYWJsRxVbgrd88irxG/Wrund3UWtdF22U4QRO4Rw8aEILbqENPhAQ8Ayv8OYo58V5dz4W0ZJTzBzDHzifP9PMj/Y=</latexit>
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+�h0
<latexit sha1_base64="ROkCDxBhM225AnI0OR1dRBK1YMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZREEoqgnorevFYwdhiG8pmM22XbjZhdyOU0H/hxYOKV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBjsYhVK6AaBZfoGW4EthKFNAoENoPhzcRvPqHSPJb3ZpSgH9G+5D3OqLHS42knRGEoGRx3yxW36k5BFkktJxXI0eiWvzphzNIIpWGCat2uuYnxM6oMZwLHpU6qMaFsSPvYtlTSCLWfTS8ekyOrhKQXK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmp6l37GZZIalGy2qJcKYmIyeZ+EXCEzYmQJZYrbWwkbUEWZsSGVbAi1+ZcXiXdWvaq6d+eV+nWeRhEO4BBOoAYXUIdbaIAHDCQ8wyu8Odp5cd6dj1lrwcln9uEPnM8f5GeP8Q==</latexit><latexit sha1_base64="ROkCDxBhM225AnI0OR1dRBK1YMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZREEoqgnorevFYwdhiG8pmM22XbjZhdyOU0H/hxYOKV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBjsYhVK6AaBZfoGW4EthKFNAoENoPhzcRvPqHSPJb3ZpSgH9G+5D3OqLHS42knRGEoGRx3yxW36k5BFkktJxXI0eiWvzphzNIIpWGCat2uuYnxM6oMZwLHpU6qMaFsSPvYtlTSCLWfTS8ekyOrhKQXK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmp6l37GZZIalGy2qJcKYmIyeZ+EXCEzYmQJZYrbWwkbUEWZsSGVbAi1+ZcXiXdWvaq6d+eV+nWeRhEO4BBOoAYXUIdbaIAHDCQ8wyu8Odp5cd6dj1lrwcln9uEPnM8f5GeP8Q==</latexit><latexit sha1_base64="ROkCDxBhM225AnI0OR1dRBK1YMQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBZREEoqgnorevFYwdhiG8pmM22XbjZhdyOU0H/hxYOKV3+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RSWlldW14rrpY3Nre2d8u7eg45TxdBjsYhVK6AaBZfoGW4EthKFNAoENoPhzcRvPqHSPJb3ZpSgH9G+5D3OqLHS42knRGEoGRx3yxW36k5BFkktJxXI0eiWvzphzNIIpWGCat2uuYnxM6oMZwLHpU6qMaFsSPvYtlTSCLWfTS8ekyOrhKQXK1vSkKn6eyKjkdajKLCdETUDPe9NxP+8dmp6l37GZZIalGy2qJcKYmIyeZ+EXCEzYmQJZYrbWwkbUEWZsSGVbAi1+ZcXiXdWvaq6d+eV+nWeRhEO4BBOoAYXUIdbaIAHDCQ8wyu8Odp5cd6dj1lrwcln9uEPnM8f5GeP8Q==</latexit>

h0 ! h0(1 + �A)ei��
<latexit sha1_base64="u2+Nly4xXz1jV3icX1MplDlPNpM=">AAACF3icbVDLSgNBEJz1bXxFPXoZDGJEiLsiqLeoF48RjAlkY5iddLKDsw9mepWw5DO8+CtePKh41Zt/4yTZgyYWDFRXddPT5cVSaLTtb2tqemZ2bn5hMbe0vLK6ll/fuNFRojhUeSQjVfeYBilCqKJACfVYAQs8CTXv7mLg1+5BaRGF19iLoRmwbig6gjM0Uit/4O9SV4muj0yp6IGasujsu22QyOjZHtymgmaVG/ui38oX7JI9BJ0kTkYKJEOllf9y2xFPAgiRS6Z1w7FjbKZMoeAS+jk30RAzfse60DA0ZAHoZjo8rE93jNKmnUiZFyIdqr8nUhZo3Qs80xkw9PW4NxD/8xoJdk6aqQjjBCHko0WdRFKM6CAl2hYKOMqeIYwrYf5Kuc8U42iyzJkQnPGTJ0n1sHRasq+OCuXzLI0FskW2SZE45JiUySWpkCrh5JE8k1fyZj1ZL9a79TFqnbKymU3yB9bnD1lbnlI=</latexit><latexit sha1_base64="u2+Nly4xXz1jV3icX1MplDlPNpM=">AAACF3icbVDLSgNBEJz1bXxFPXoZDGJEiLsiqLeoF48RjAlkY5iddLKDsw9mepWw5DO8+CtePKh41Zt/4yTZgyYWDFRXddPT5cVSaLTtb2tqemZ2bn5hMbe0vLK6ll/fuNFRojhUeSQjVfeYBilCqKJACfVYAQs8CTXv7mLg1+5BaRGF19iLoRmwbig6gjM0Uit/4O9SV4muj0yp6IGasujsu22QyOjZHtymgmaVG/ui38oX7JI9BJ0kTkYKJEOllf9y2xFPAgiRS6Z1w7FjbKZMoeAS+jk30RAzfse60DA0ZAHoZjo8rE93jNKmnUiZFyIdqr8nUhZo3Qs80xkw9PW4NxD/8xoJdk6aqQjjBCHko0WdRFKM6CAl2hYKOMqeIYwrYf5Kuc8U42iyzJkQnPGTJ0n1sHRasq+OCuXzLI0FskW2SZE45JiUySWpkCrh5JE8k1fyZj1ZL9a79TFqnbKymU3yB9bnD1lbnlI=</latexit><latexit sha1_base64="u2+Nly4xXz1jV3icX1MplDlPNpM=">AAACF3icbVDLSgNBEJz1bXxFPXoZDGJEiLsiqLeoF48RjAlkY5iddLKDsw9mepWw5DO8+CtePKh41Zt/4yTZgyYWDFRXddPT5cVSaLTtb2tqemZ2bn5hMbe0vLK6ll/fuNFRojhUeSQjVfeYBilCqKJACfVYAQs8CTXv7mLg1+5BaRGF19iLoRmwbig6gjM0Uit/4O9SV4muj0yp6IGasujsu22QyOjZHtymgmaVG/ui38oX7JI9BJ0kTkYKJEOllf9y2xFPAgiRS6Z1w7FjbKZMoeAS+jk30RAzfse60DA0ZAHoZjo8rE93jNKmnUiZFyIdqr8nUhZo3Qs80xkw9PW4NxD/8xoJdk6aqQjjBCHko0WdRFKM6CAl2hYKOMqeIYwrYf5Kuc8U42iyzJkQnPGTJ0n1sHRasq+OCuXzLI0FskW2SZE45JiUySWpkCrh5JE8k1fyZj1ZL9a79TFqnbKymU3yB9bnD1lbnlI=</latexit>

Marginalize over 
an amplitude and 

a phase uncertainty
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h0 ! h0(1 + �A)ei��
<latexit sha1_base64="u2+Nly4xXz1jV3icX1MplDlPNpM=">AAACF3icbVDLSgNBEJz1bXxFPXoZDGJEiLsiqLeoF48RjAlkY5iddLKDsw9mepWw5DO8+CtePKh41Zt/4yTZgyYWDFRXddPT5cVSaLTtb2tqemZ2bn5hMbe0vLK6ll/fuNFRojhUeSQjVfeYBilCqKJACfVYAQs8CTXv7mLg1+5BaRGF19iLoRmwbig6gjM0Uit/4O9SV4muj0yp6IGasujsu22QyOjZHtymgmaVG/ui38oX7JI9BJ0kTkYKJEOllf9y2xFPAgiRS6Z1w7FjbKZMoeAS+jk30RAzfse60DA0ZAHoZjo8rE93jNKmnUiZFyIdqr8nUhZo3Qs80xkw9PW4NxD/8xoJdk6aqQjjBCHko0WdRFKM6CAl2hYKOMqeIYwrYf5Kuc8U42iyzJkQnPGTJ0n1sHRasq+OCuXzLI0FskW2SZE45JiUySWpkCrh5JE8k1fyZj1ZL9a79TFqnbKymU3yB9bnD1lbnlI=</latexit><latexit sha1_base64="u2+Nly4xXz1jV3icX1MplDlPNpM=">AAACF3icbVDLSgNBEJz1bXxFPXoZDGJEiLsiqLeoF48RjAlkY5iddLKDsw9mepWw5DO8+CtePKh41Zt/4yTZgyYWDFRXddPT5cVSaLTtb2tqemZ2bn5hMbe0vLK6ll/fuNFRojhUeSQjVfeYBilCqKJACfVYAQs8CTXv7mLg1+5BaRGF19iLoRmwbig6gjM0Uit/4O9SV4muj0yp6IGasujsu22QyOjZHtymgmaVG/ui38oX7JI9BJ0kTkYKJEOllf9y2xFPAgiRS6Z1w7FjbKZMoeAS+jk30RAzfse60DA0ZAHoZjo8rE93jNKmnUiZFyIdqr8nUhZo3Qs80xkw9PW4NxD/8xoJdk6aqQjjBCHko0WdRFKM6CAl2hYKOMqeIYwrYf5Kuc8U42iyzJkQnPGTJ0n1sHRasq+OCuXzLI0FskW2SZE45JiUySWpkCrh5JE8k1fyZj1ZL9a79TFqnbKymU3yB9bnD1lbnlI=</latexit><latexit sha1_base64="u2+Nly4xXz1jV3icX1MplDlPNpM=">AAACF3icbVDLSgNBEJz1bXxFPXoZDGJEiLsiqLeoF48RjAlkY5iddLKDsw9mepWw5DO8+CtePKh41Zt/4yTZgyYWDFRXddPT5cVSaLTtb2tqemZ2bn5hMbe0vLK6ll/fuNFRojhUeSQjVfeYBilCqKJACfVYAQs8CTXv7mLg1+5BaRGF19iLoRmwbig6gjM0Uit/4O9SV4muj0yp6IGasujsu22QyOjZHtymgmaVG/ui38oX7JI9BJ0kTkYKJEOllf9y2xFPAgiRS6Z1w7FjbKZMoeAS+jk30RAzfse60DA0ZAHoZjo8rE93jNKmnUiZFyIdqr8nUhZo3Qs80xkw9PW4NxD/8xoJdk6aqQjjBCHko0WdRFKM6CAl2hYKOMqeIYwrYf5Kuc8U42iyzJkQnPGTJ0n1sHRasq+OCuXzLI0FskW2SZE45JiUySWpkCrh5JE8k1fyZj1ZL9a79TFqnbKymU3yB9bnD1lbnlI=</latexit>

Cahillane+ (PRD:96, 102001)

Interpolate with 
cubic splines and 
marginalize over 

the calibration error

Farr+ LIGO Document T1400682-v1

�A(f) = ps(f ; {fi, �Ai})
<latexit sha1_base64="rVY4XfxhnRIyiXbAUd4HfOocNps=">AAACDXicbVBNS8NAEN3Ur1q/oh69LJZCC1JSEVREqHrxWMHYQhPCZrNpl242YXcjlNBf4MW/4sWDilfv3vw3btsI2vpg4PHeDDPz/IRRqSzryygsLC4trxRXS2vrG5tb5vbOnYxTgYmNYxaLjo8kYZQTW1HFSCcRBEU+I21/cDX22/dESBrzWzVMiBuhHqchxUhpyTMrTkCYQvCiGtbOE09WwzMnCz168KN71BnVPLNs1a0J4Dxp5KQMcrQ889MJYpxGhCvMkJTdhpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSbvjGBFKwEMY6GLKzhRf09kKJJyGPm6M0KqL2e9sfif101VeOJmlCepIhxPF4UpgyqG42xgQAXBig01QVhQfSvEfSQQVjrBkg6hMfvyPLEP66d16+ao3LzM0yiCPbAPqqABjkETXIMWsAEGD+AJvIBX49F4Nt6M92lrwchndsEfGB/fIUeaeA==</latexit><latexit sha1_base64="rVY4XfxhnRIyiXbAUd4HfOocNps=">AAACDXicbVBNS8NAEN3Ur1q/oh69LJZCC1JSEVREqHrxWMHYQhPCZrNpl242YXcjlNBf4MW/4sWDilfv3vw3btsI2vpg4PHeDDPz/IRRqSzryygsLC4trxRXS2vrG5tb5vbOnYxTgYmNYxaLjo8kYZQTW1HFSCcRBEU+I21/cDX22/dESBrzWzVMiBuhHqchxUhpyTMrTkCYQvCiGtbOE09WwzMnCz168KN71BnVPLNs1a0J4Dxp5KQMcrQ889MJYpxGhCvMkJTdhpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSbvjGBFKwEMY6GLKzhRf09kKJJyGPm6M0KqL2e9sfif101VeOJmlCepIhxPF4UpgyqG42xgQAXBig01QVhQfSvEfSQQVjrBkg6hMfvyPLEP66d16+ao3LzM0yiCPbAPqqABjkETXIMWsAEGD+AJvIBX49F4Nt6M92lrwchndsEfGB/fIUeaeA==</latexit><latexit sha1_base64="rVY4XfxhnRIyiXbAUd4HfOocNps=">AAACDXicbVBNS8NAEN3Ur1q/oh69LJZCC1JSEVREqHrxWMHYQhPCZrNpl242YXcjlNBf4MW/4sWDilfv3vw3btsI2vpg4PHeDDPz/IRRqSzryygsLC4trxRXS2vrG5tb5vbOnYxTgYmNYxaLjo8kYZQTW1HFSCcRBEU+I21/cDX22/dESBrzWzVMiBuhHqchxUhpyTMrTkCYQvCiGtbOE09WwzMnCz168KN71BnVPLNs1a0J4Dxp5KQMcrQ889MJYpxGhCvMkJTdhpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSbvjGBFKwEMY6GLKzhRf09kKJJyGPm6M0KqL2e9sfif101VeOJmlCepIhxPF4UpgyqG42xgQAXBig01QVhQfSvEfSQQVjrBkg6hMfvyPLEP66d16+ao3LzM0yiCPbAPqqABjkETXIMWsAEGD+AJvIBX49F4Nt6M92lrwchndsEfGB/fIUeaeA==</latexit>

��(f) = ps(f ; {fi, ��i})
<latexit sha1_base64="PxyLyn8RYv9doTCbbPuFmy21ncw=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahRSmJCCoiFL14rGBsoQlhs9m0SzebsLsRSuiP8OJf8eJBxasXb/4bt20Otfpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb5vbOvUwygYmDE5aIToAkYZQTR1HFSCcVBMUBI+1gcD322w9ESJrwOzVMiRejHqcRxUhpyTcP3ZAwhaCb9mktql+mvqxFF24e+fRoxvKpO6r7ZtVqWBPAv8QuSBUUaPnmlxsmOIsJV5ghKbu2lSovR0JRzMio4maSpAgPUI90NeUoJtLLJ0+N4IFWQhglQhdXcKLOTuQolnIYB7ozRqov572x+J/XzVR05uWUp5kiHE8XRRmDKoHjhGBIBcGKDTVBWFB9K8R9JBBWOseKDsGef/kvcY4b5w3r9qTavCrSKIM9sA9qwAanoAluQAs4AINH8AxewZvxZLwY78bHtLVkFDO74BeMzx97oZ1s</latexit><latexit sha1_base64="PxyLyn8RYv9doTCbbPuFmy21ncw=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahRSmJCCoiFL14rGBsoQlhs9m0SzebsLsRSuiP8OJf8eJBxasXb/4bt20Otfpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb5vbOvUwygYmDE5aIToAkYZQTR1HFSCcVBMUBI+1gcD322w9ESJrwOzVMiRejHqcRxUhpyTcP3ZAwhaCb9mktql+mvqxFF24e+fRoxvKpO6r7ZtVqWBPAv8QuSBUUaPnmlxsmOIsJV5ghKbu2lSovR0JRzMio4maSpAgPUI90NeUoJtLLJ0+N4IFWQhglQhdXcKLOTuQolnIYB7ozRqov572x+J/XzVR05uWUp5kiHE8XRRmDKoHjhGBIBcGKDTVBWFB9K8R9JBBWOseKDsGef/kvcY4b5w3r9qTavCrSKIM9sA9qwAanoAluQAs4AINH8AxewZvxZLwY78bHtLVkFDO74BeMzx97oZ1s</latexit><latexit sha1_base64="PxyLyn8RYv9doTCbbPuFmy21ncw=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahRSmJCCoiFL14rGBsoQlhs9m0SzebsLsRSuiP8OJf8eJBxasXb/4bt20Otfpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb5vbOvUwygYmDE5aIToAkYZQTR1HFSCcVBMUBI+1gcD322w9ESJrwOzVMiRejHqcRxUhpyTcP3ZAwhaCb9mktql+mvqxFF24e+fRoxvKpO6r7ZtVqWBPAv8QuSBUUaPnmlxsmOIsJV5ghKbu2lSovR0JRzMio4maSpAgPUI90NeUoJtLLJ0+N4IFWQhglQhdXcKLOTuQolnIYB7ozRqov572x+J/XzVR05uWUp5kiHE8XRRmDKoHjhGBIBcGKDTVBWFB9K8R9JBBWOseKDsGef/kvcY4b5w3r9qTavCrSKIM9sA9qwAanoAluQAs4AINH8AxewZvxZLwY78bHtLVkFDO74BeMzx97oZ1s</latexit>
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<latexit sha1_base64="PxyLyn8RYv9doTCbbPuFmy21ncw=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahRSmJCCoiFL14rGBsoQlhs9m0SzebsLsRSuiP8OJf8eJBxasXb/4bt20Otfpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb5vbOvUwygYmDE5aIToAkYZQTR1HFSCcVBMUBI+1gcD322w9ESJrwOzVMiRejHqcRxUhpyTcP3ZAwhaCb9mktql+mvqxFF24e+fRoxvKpO6r7ZtVqWBPAv8QuSBUUaPnmlxsmOIsJV5ghKbu2lSovR0JRzMio4maSpAgPUI90NeUoJtLLJ0+N4IFWQhglQhdXcKLOTuQolnIYB7ozRqov572x+J/XzVR05uWUp5kiHE8XRRmDKoHjhGBIBcGKDTVBWFB9K8R9JBBWOseKDsGef/kvcY4b5w3r9qTavCrSKIM9sA9qwAanoAluQAs4AINH8AxewZvxZLwY78bHtLVkFDO74BeMzx97oZ1s</latexit><latexit sha1_base64="PxyLyn8RYv9doTCbbPuFmy21ncw=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahRSmJCCoiFL14rGBsoQlhs9m0SzebsLsRSuiP8OJf8eJBxasXb/4bt20Otfpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb5vbOvUwygYmDE5aIToAkYZQTR1HFSCcVBMUBI+1gcD322w9ESJrwOzVMiRejHqcRxUhpyTcP3ZAwhaCb9mktql+mvqxFF24e+fRoxvKpO6r7ZtVqWBPAv8QuSBUUaPnmlxsmOIsJV5ghKbu2lSovR0JRzMio4maSpAgPUI90NeUoJtLLJ0+N4IFWQhglQhdXcKLOTuQolnIYB7ozRqov572x+J/XzVR05uWUp5kiHE8XRRmDKoHjhGBIBcGKDTVBWFB9K8R9JBBWOseKDsGef/kvcY4b5w3r9qTavCrSKIM9sA9qwAanoAluQAs4AINH8AxewZvxZLwY78bHtLVkFDO74BeMzx97oZ1s</latexit><latexit sha1_base64="PxyLyn8RYv9doTCbbPuFmy21ncw=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahRSmJCCoiFL14rGBsoQlhs9m0SzebsLsRSuiP8OJf8eJBxasXb/4bt20Otfpg4PHeDDPzgpRRqSzr2ygtLC4tr5RXK2vrG5tb5vbOvUwygYmDE5aIToAkYZQTR1HFSCcVBMUBI+1gcD322w9ESJrwOzVMiRejHqcRxUhpyTcP3ZAwhaCb9mktql+mvqxFF24e+fRoxvKpO6r7ZtVqWBPAv8QuSBUUaPnmlxsmOIsJV5ghKbu2lSovR0JRzMio4maSpAgPUI90NeUoJtLLJ0+N4IFWQhglQhdXcKLOTuQolnIYB7ozRqov572x+J/XzVR05uWUp5kiHE8XRRmDKoHjhGBIBcGKDTVBWFB9K8R9JBBWOseKDsGef/kvcY4b5w3r9qTavCrSKIM9sA9qwAanoAluQAs4AINH8AxewZvxZLwY78bHtLVkFDO74BeMzx97oZ1s</latexit>
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<latexit sha1_base64="rVY4XfxhnRIyiXbAUd4HfOocNps=">AAACDXicbVBNS8NAEN3Ur1q/oh69LJZCC1JSEVREqHrxWMHYQhPCZrNpl242YXcjlNBf4MW/4sWDilfv3vw3btsI2vpg4PHeDDPz/IRRqSzryygsLC4trxRXS2vrG5tb5vbOnYxTgYmNYxaLjo8kYZQTW1HFSCcRBEU+I21/cDX22/dESBrzWzVMiBuhHqchxUhpyTMrTkCYQvCiGtbOE09WwzMnCz168KN71BnVPLNs1a0J4Dxp5KQMcrQ889MJYpxGhCvMkJTdhpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSbvjGBFKwEMY6GLKzhRf09kKJJyGPm6M0KqL2e9sfif101VeOJmlCepIhxPF4UpgyqG42xgQAXBig01QVhQfSvEfSQQVjrBkg6hMfvyPLEP66d16+ao3LzM0yiCPbAPqqABjkETXIMWsAEGD+AJvIBX49F4Nt6M92lrwchndsEfGB/fIUeaeA==</latexit><latexit sha1_base64="rVY4XfxhnRIyiXbAUd4HfOocNps=">AAACDXicbVBNS8NAEN3Ur1q/oh69LJZCC1JSEVREqHrxWMHYQhPCZrNpl242YXcjlNBf4MW/4sWDilfv3vw3btsI2vpg4PHeDDPz/IRRqSzryygsLC4trxRXS2vrG5tb5vbOnYxTgYmNYxaLjo8kYZQTW1HFSCcRBEU+I21/cDX22/dESBrzWzVMiBuhHqchxUhpyTMrTkCYQvCiGtbOE09WwzMnCz168KN71BnVPLNs1a0J4Dxp5KQMcrQ889MJYpxGhCvMkJTdhpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSbvjGBFKwEMY6GLKzhRf09kKJJyGPm6M0KqL2e9sfif101VeOJmlCepIhxPF4UpgyqG42xgQAXBig01QVhQfSvEfSQQVjrBkg6hMfvyPLEP66d16+ao3LzM0yiCPbAPqqABjkETXIMWsAEGD+AJvIBX49F4Nt6M92lrwchndsEfGB/fIUeaeA==</latexit><latexit sha1_base64="rVY4XfxhnRIyiXbAUd4HfOocNps=">AAACDXicbVBNS8NAEN3Ur1q/oh69LJZCC1JSEVREqHrxWMHYQhPCZrNpl242YXcjlNBf4MW/4sWDilfv3vw3btsI2vpg4PHeDDPz/IRRqSzryygsLC4trxRXS2vrG5tb5vbOnYxTgYmNYxaLjo8kYZQTW1HFSCcRBEU+I21/cDX22/dESBrzWzVMiBuhHqchxUhpyTMrTkCYQvCiGtbOE09WwzMnCz168KN71BnVPLNs1a0J4Dxp5KQMcrQ889MJYpxGhCvMkJTdhpUoN0NCUczIqOSkkiQID1CPdDXlKCLSzSbvjGBFKwEMY6GLKzhRf09kKJJyGPm6M0KqL2e9sfif101VeOJmlCepIhxPF4UpgyqG42xgQAXBig01QVhQfSvEfSQQVjrBkg6hMfvyPLEP66d16+ao3LzM0yiCPbAPqqABjkETXIMWsAEGD+AJvIBX49F4Nt6M92lrwchndsEfGB/fIUeaeA==</latexit>

For more details see Alex Urban’s talk



Evidence

p(h0|d) = p(d|h0)p(h0)

p(d)

Evidence
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Evidence
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Normalization factor for parameter estimation

Important for model selection

p(h0|d,M) =
p(d|h0,M)p(h0|M)

p(d|M)
<latexit sha1_base64="nSqJFWMhF90SUliPnuYJuEfeOOM=">AAACEXicbVBNS8MwGE7n15xfVY9eikO2gYxWBPUgDL14GUywbrCVkabpGpa2IUmF0e03ePGvePGg4tWbN/+NWdeDbj4Q8uR53pc37+MySoQ0zW+tsLS8srpWXC9tbG5t7+i7e/ciTjjCNoppzDsuFJiSCNuSSIo7jGMYuhS33eH11G8/YC5IHN3JEcNOCAcR8QmCUkl9vcaqQWXsHTdrlz2fQ5SyqjcOKuqdGc3aJFPU3dfLZt3MYCwSKydlkKPV1796XoySEEcSUShE1zKZdFLIJUEUT0q9RGAG0RAOcFfRCIZYOGm20sQ4Uopn+DFXJ5JGpv7uSGEoxCh0VWUIZSDmvan4n9dNpH/upCRiicQRmg3yE2rI2JjmY3iEYyTpSBGIOFF/NVAAVTJSpVhSIVjzKy8S+6R+UbduT8uNqzyNIjgAh6AKLHAGGuAGtIANEHgEz+AVvGlP2ov2rn3MSgta3rMP/kD7/AFUeJuX</latexit><latexit sha1_base64="nSqJFWMhF90SUliPnuYJuEfeOOM=">AAACEXicbVBNS8MwGE7n15xfVY9eikO2gYxWBPUgDL14GUywbrCVkabpGpa2IUmF0e03ePGvePGg4tWbN/+NWdeDbj4Q8uR53pc37+MySoQ0zW+tsLS8srpWXC9tbG5t7+i7e/ciTjjCNoppzDsuFJiSCNuSSIo7jGMYuhS33eH11G8/YC5IHN3JEcNOCAcR8QmCUkl9vcaqQWXsHTdrlz2fQ5SyqjcOKuqdGc3aJFPU3dfLZt3MYCwSKydlkKPV1796XoySEEcSUShE1zKZdFLIJUEUT0q9RGAG0RAOcFfRCIZYOGm20sQ4Uopn+DFXJ5JGpv7uSGEoxCh0VWUIZSDmvan4n9dNpH/upCRiicQRmg3yE2rI2JjmY3iEYyTpSBGIOFF/NVAAVTJSpVhSIVjzKy8S+6R+UbduT8uNqzyNIjgAh6AKLHAGGuAGtIANEHgEz+AVvGlP2ov2rn3MSgta3rMP/kD7/AFUeJuX</latexit><latexit sha1_base64="nSqJFWMhF90SUliPnuYJuEfeOOM=">AAACEXicbVBNS8MwGE7n15xfVY9eikO2gYxWBPUgDL14GUywbrCVkabpGpa2IUmF0e03ePGvePGg4tWbN/+NWdeDbj4Q8uR53pc37+MySoQ0zW+tsLS8srpWXC9tbG5t7+i7e/ciTjjCNoppzDsuFJiSCNuSSIo7jGMYuhS33eH11G8/YC5IHN3JEcNOCAcR8QmCUkl9vcaqQWXsHTdrlz2fQ5SyqjcOKuqdGc3aJFPU3dfLZt3MYCwSKydlkKPV1796XoySEEcSUShE1zKZdFLIJUEUT0q9RGAG0RAOcFfRCIZYOGm20sQ4Uopn+DFXJ5JGpv7uSGEoxCh0VWUIZSDmvan4n9dNpH/upCRiicQRmg3yE2rI2JjmY3iEYyTpSBGIOFF/NVAAVTJSpVhSIVjzKy8S+6R+UbduT8uNqzyNIjgAh6AKLHAGGuAGtIANEHgEz+AVvGlP2ov2rn3MSgta3rMP/kD7/AFUeJuX</latexit><latexit sha1_base64="nSqJFWMhF90SUliPnuYJuEfeOOM=">AAACEXicbVBNS8MwGE7n15xfVY9eikO2gYxWBPUgDL14GUywbrCVkabpGpa2IUmF0e03ePGvePGg4tWbN/+NWdeDbj4Q8uR53pc37+MySoQ0zW+tsLS8srpWXC9tbG5t7+i7e/ciTjjCNoppzDsuFJiSCNuSSIo7jGMYuhS33eH11G8/YC5IHN3JEcNOCAcR8QmCUkl9vcaqQWXsHTdrlz2fQ5SyqjcOKuqdGc3aJFPU3dfLZt3MYCwSKydlkKPV1796XoySEEcSUShE1zKZdFLIJUEUT0q9RGAG0RAOcFfRCIZYOGm20sQ4Uopn+DFXJ5JGpv7uSGEoxCh0VWUIZSDmvan4n9dNpH/upCRiicQRmg3yE2rI2JjmY3iEYyTpSBGIOFF/NVAAVTJSpVhSIVjzKy8S+6R+UbduT8uNqzyNIjgAh6AKLHAGGuAGtIANEHgEz+AVvGlP2ov2rn3MSgta3rMP/kD7/AFUeJuX</latexit>

M: any overall assumption or model (e.g. the signal is a GW, 
the BBH is spin-precessing, the binary components are NSs)



Odds ratio
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Oij =
p(Mi|d)
p(Mj |d)

=
p(Mi)p(d|Mi)

p(Mj)p(d|Mj)

Bayes Factor
Likelihood of the models
Ratio of the evidences

Compare competing models, for example 
‘GW170817 was a BNS’ vs ‘GW170817 was a BBH’



Posterior

p(h0|d) = p(d|h0)p(h0)

p(d)

Posterior
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The posterior                  gives the probability density 
that a model          describes the data. 

Bayesian Inference

p(h0(~✓)|d)
<latexit sha1_base64="eSHWnN4TcU2f5ZGp7P8x37PetpU=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJS7CI7aUkIqi3ohePFawV2lA2m2m7dLMJu5NCiQX/ihcPKl79H978N24/Dtr6YODx3gwz84JEcI2u+23llpZXVtfy64WNza3tHXt3717HqWJQZ7GI1UNANQguoY4cBTwkCmgUCGgE/eux3xiA0jyWdzhMwI9oV/IOZxSN1LYPklLvpNQaAMta2AOko/JjWG7bRbfiTuAsEm9GimSGWtv+aoUxSyOQyATVuum5CfoZVciZgFGhlWpIKOvTLjQNlTQC7WeT80fOsVFCpxMrUxKdifp7IqOR1sMoMJ0RxZ6e98bif14zxc6Fn3GZpAiSTRd1UuFg7IyzcEKugKEYGkKZ4uZWh/WoogxNYgUTgjf/8iKpn1YuK97tWbF6NUsjTw7JESkRj5yTKrkhNVInjGTkmbySN+vJerHerY9pa86azeyTP7A+fwCivJTW</latexit><latexit sha1_base64="eSHWnN4TcU2f5ZGp7P8x37PetpU=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJS7CI7aUkIqi3ohePFawV2lA2m2m7dLMJu5NCiQX/ihcPKl79H978N24/Dtr6YODx3gwz84JEcI2u+23llpZXVtfy64WNza3tHXt3717HqWJQZ7GI1UNANQguoY4cBTwkCmgUCGgE/eux3xiA0jyWdzhMwI9oV/IOZxSN1LYPklLvpNQaAMta2AOko/JjWG7bRbfiTuAsEm9GimSGWtv+aoUxSyOQyATVuum5CfoZVciZgFGhlWpIKOvTLjQNlTQC7WeT80fOsVFCpxMrUxKdifp7IqOR1sMoMJ0RxZ6e98bif14zxc6Fn3GZpAiSTRd1UuFg7IyzcEKugKEYGkKZ4uZWh/WoogxNYgUTgjf/8iKpn1YuK97tWbF6NUsjTw7JESkRj5yTKrkhNVInjGTkmbySN+vJerHerY9pa86azeyTP7A+fwCivJTW</latexit><latexit sha1_base64="eSHWnN4TcU2f5ZGp7P8x37PetpU=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJS7CI7aUkIqi3ohePFawV2lA2m2m7dLMJu5NCiQX/ihcPKl79H978N24/Dtr6YODx3gwz84JEcI2u+23llpZXVtfy64WNza3tHXt3717HqWJQZ7GI1UNANQguoY4cBTwkCmgUCGgE/eux3xiA0jyWdzhMwI9oV/IOZxSN1LYPklLvpNQaAMta2AOko/JjWG7bRbfiTuAsEm9GimSGWtv+aoUxSyOQyATVuum5CfoZVciZgFGhlWpIKOvTLjQNlTQC7WeT80fOsVFCpxMrUxKdifp7IqOR1sMoMJ0RxZ6e98bif14zxc6Fn3GZpAiSTRd1UuFg7IyzcEKugKEYGkKZ4uZWh/WoogxNYgUTgjf/8iKpn1YuK97tWbF6NUsjTw7JESkRj5yTKrkhNVInjGTkmbySN+vJerHerY9pa86azeyTP7A+fwCivJTW</latexit><latexit sha1_base64="eSHWnN4TcU2f5ZGp7P8x37PetpU=">AAAB/XicbVBNS8NAEN3Ur1q/ouLJS7CI7aUkIqi3ohePFawV2lA2m2m7dLMJu5NCiQX/ihcPKl79H978N24/Dtr6YODx3gwz84JEcI2u+23llpZXVtfy64WNza3tHXt3717HqWJQZ7GI1UNANQguoY4cBTwkCmgUCGgE/eux3xiA0jyWdzhMwI9oV/IOZxSN1LYPklLvpNQaAMta2AOko/JjWG7bRbfiTuAsEm9GimSGWtv+aoUxSyOQyATVuum5CfoZVciZgFGhlWpIKOvTLjQNlTQC7WeT80fOsVFCpxMrUxKdifp7IqOR1sMoMJ0RxZ6e98bif14zxc6Fn3GZpAiSTRd1UuFg7IyzcEKugKEYGkKZ4uZWh/WoogxNYgUTgjf/8iKpn1YuK97tWbF6NUsjTw7JESkRj5yTKrkhNVInjGTkmbySN+vJerHerY9pa86azeyTP7A+fwCivJTW</latexit>

h0(~✓)
<latexit sha1_base64="DDCOAQKAXOyfhAkU5V4BcHK/yzQ=">AAAB+HicbVBNS8NAEN34WetX1KOXYBHrpSQiqLeiF48VjC00oWy2k2bp5oPdSaGE/hMvHlS8+lO8+W/ctjlo64OBx3szzMwLMsEV2va3sbK6tr6xWdmqbu/s7u2bB4dPKs0lA5elIpWdgCoQPAEXOQroZBJoHAhoB8O7qd8egVQ8TR5xnIEf00HCQ84oaqlnmtFZ3RsBKzyMAOnkvGfW7IY9g7VMnJLUSIlWz/zy+inLY0iQCapU17Ez9AsqkTMBk6qXK8goG9IBdDVNaAzKL2aXT6xTrfStMJW6ErRm6u+JgsZKjeNAd8YUI7XoTcX/vG6O4bVf8CTLERI2XxTmwsLUmsZg9bkEhmKsCWWS61stFlFJGeqwqjoEZ/HlZeJeNG4azsNlrXlbplEhx+SE1IlDrkiT3JMWcQkjI/JMXsmbURgvxrvxMW9dMcqZI/IHxucPU7iTAw==</latexit><latexit sha1_base64="DDCOAQKAXOyfhAkU5V4BcHK/yzQ=">AAAB+HicbVBNS8NAEN34WetX1KOXYBHrpSQiqLeiF48VjC00oWy2k2bp5oPdSaGE/hMvHlS8+lO8+W/ctjlo64OBx3szzMwLMsEV2va3sbK6tr6xWdmqbu/s7u2bB4dPKs0lA5elIpWdgCoQPAEXOQroZBJoHAhoB8O7qd8egVQ8TR5xnIEf00HCQ84oaqlnmtFZ3RsBKzyMAOnkvGfW7IY9g7VMnJLUSIlWz/zy+inLY0iQCapU17Ez9AsqkTMBk6qXK8goG9IBdDVNaAzKL2aXT6xTrfStMJW6ErRm6u+JgsZKjeNAd8YUI7XoTcX/vG6O4bVf8CTLERI2XxTmwsLUmsZg9bkEhmKsCWWS61stFlFJGeqwqjoEZ/HlZeJeNG4azsNlrXlbplEhx+SE1IlDrkiT3JMWcQkjI/JMXsmbURgvxrvxMW9dMcqZI/IHxucPU7iTAw==</latexit><latexit sha1_base64="DDCOAQKAXOyfhAkU5V4BcHK/yzQ=">AAAB+HicbVBNS8NAEN34WetX1KOXYBHrpSQiqLeiF48VjC00oWy2k2bp5oPdSaGE/hMvHlS8+lO8+W/ctjlo64OBx3szzMwLMsEV2va3sbK6tr6xWdmqbu/s7u2bB4dPKs0lA5elIpWdgCoQPAEXOQroZBJoHAhoB8O7qd8egVQ8TR5xnIEf00HCQ84oaqlnmtFZ3RsBKzyMAOnkvGfW7IY9g7VMnJLUSIlWz/zy+inLY0iQCapU17Ez9AsqkTMBk6qXK8goG9IBdDVNaAzKL2aXT6xTrfStMJW6ErRm6u+JgsZKjeNAd8YUI7XoTcX/vG6O4bVf8CTLERI2XxTmwsLUmsZg9bkEhmKsCWWS61stFlFJGeqwqjoEZ/HlZeJeNG4azsNlrXlbplEhx+SE1IlDrkiT3JMWcQkjI/JMXsmbURgvxrvxMW9dMcqZI/IHxucPU7iTAw==</latexit><latexit sha1_base64="DDCOAQKAXOyfhAkU5V4BcHK/yzQ=">AAAB+HicbVBNS8NAEN34WetX1KOXYBHrpSQiqLeiF48VjC00oWy2k2bp5oPdSaGE/hMvHlS8+lO8+W/ctjlo64OBx3szzMwLMsEV2va3sbK6tr6xWdmqbu/s7u2bB4dPKs0lA5elIpWdgCoQPAEXOQroZBJoHAhoB8O7qd8egVQ8TR5xnIEf00HCQ84oaqlnmtFZ3RsBKzyMAOnkvGfW7IY9g7VMnJLUSIlWz/zy+inLY0iQCapU17Ez9AsqkTMBk6qXK8goG9IBdDVNaAzKL2aXT6xTrfStMJW6ErRm6u+JgsZKjeNAd8YUI7XoTcX/vG6O4bVf8CTLERI2XxTmwsLUmsZg9bkEhmKsCWWS61stFlFJGeqwqjoEZ/HlZeJeNG4azsNlrXlbplEhx+SE1IlDrkiT3JMWcQkjI/JMXsmbURgvxrvxMW9dMcqZI/IHxucPU7iTAw==</latexit>

It is calculated with a likelihood and a prior and it is valid under 
the assumptions that were used when computing these two



Waveform posterior

LVC (PRL:118, 221101)27



Marginalized posterior

p(m1,m2|d) =
Z

p(~✓,m1,m2|d)d~✓
<latexit sha1_base64="vip0rumjHuD7FxDebeI3a3x5Lag=">AAACIXicbVBNS8NAEN34WetX1aOXxSJUkJIUQXsQil48KlgVmhI2m6ld3E3C7qRQYn+LF/+KFw8q3sQ/4/bjUKsPBh7vzTAzL0ylMOi6X87c/MLi0nJhpbi6tr6xWdravjFJpjk0eSITfRcyA1LE0ESBEu5SDUyFEm7Dh/Ohf9sDbUQSX2M/hbZi97HoCM7QSkGpnlZU4B1SFdQeo4NTX8RI04rfA5772AVkg8OhP7ajaT0old2qOwL9S7wJKZMJLoPSpx8lPFMQI5fMmJbnptjOmUbBJQyKfmYgZfyB3UPL0pgpMO189OKA7lslop1E27InjtTpiZwpY/oqtJ2KYdfMekPxP6+VYeeknYs4zRBiPl7UySTFhA7zopHQwFH2LWFcC3sr5V2mGUebatGG4M2+/Jc0a9V61b06KjfOJmkUyC7ZIxXikWPSIBfkkjQJJ0/khbyRd+fZeXU+nM9x65wzmdkhv+B8/wAE96ME</latexit><latexit sha1_base64="vip0rumjHuD7FxDebeI3a3x5Lag=">AAACIXicbVBNS8NAEN34WetX1aOXxSJUkJIUQXsQil48KlgVmhI2m6ld3E3C7qRQYn+LF/+KFw8q3sQ/4/bjUKsPBh7vzTAzL0ylMOi6X87c/MLi0nJhpbi6tr6xWdravjFJpjk0eSITfRcyA1LE0ESBEu5SDUyFEm7Dh/Ohf9sDbUQSX2M/hbZi97HoCM7QSkGpnlZU4B1SFdQeo4NTX8RI04rfA5772AVkg8OhP7ajaT0old2qOwL9S7wJKZMJLoPSpx8lPFMQI5fMmJbnptjOmUbBJQyKfmYgZfyB3UPL0pgpMO189OKA7lslop1E27InjtTpiZwpY/oqtJ2KYdfMekPxP6+VYeeknYs4zRBiPl7UySTFhA7zopHQwFH2LWFcC3sr5V2mGUebatGG4M2+/Jc0a9V61b06KjfOJmkUyC7ZIxXikWPSIBfkkjQJJ0/khbyRd+fZeXU+nM9x65wzmdkhv+B8/wAE96ME</latexit><latexit sha1_base64="vip0rumjHuD7FxDebeI3a3x5Lag=">AAACIXicbVBNS8NAEN34WetX1aOXxSJUkJIUQXsQil48KlgVmhI2m6ld3E3C7qRQYn+LF/+KFw8q3sQ/4/bjUKsPBh7vzTAzL0ylMOi6X87c/MLi0nJhpbi6tr6xWdravjFJpjk0eSITfRcyA1LE0ESBEu5SDUyFEm7Dh/Ohf9sDbUQSX2M/hbZi97HoCM7QSkGpnlZU4B1SFdQeo4NTX8RI04rfA5772AVkg8OhP7ajaT0old2qOwL9S7wJKZMJLoPSpx8lPFMQI5fMmJbnptjOmUbBJQyKfmYgZfyB3UPL0pgpMO189OKA7lslop1E27InjtTpiZwpY/oqtJ2KYdfMekPxP6+VYeeknYs4zRBiPl7UySTFhA7zopHQwFH2LWFcC3sr5V2mGUebatGG4M2+/Jc0a9V61b06KjfOJmkUyC7ZIxXikWPSIBfkkjQJJ0/khbyRd+fZeXU+nM9x65wzmdkhv+B8/wAE96ME</latexit>

LVC (PRL:119, 161101) 28

Integrate over all 
‘other’ parameters



Inference from the posterior

29

The chirp mass is 
measured very well}
The mass ratio is 

measured less well

The mass ratio is 
correlated with the spin

LVC (PRL:119, 161101)



30

p(h0|d) = p(d|h0)p(h0)

p(d)

Posterior 

The likelihood 
is the noise model Prior choices can 

influence results

The evidence is unimportant 
for parameter estimation 
(but not model selection!)


