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Overview

● Detection of gravitational waves
● Optical interferometers
● Noise sources in the LIGO detectors
● Future prospects



Free masses
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The distance between the two points is determined by the metric

ds2 =
X

uv

guv(x, t)dx
udxv

The metric is determined by the Einstein equations
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is the Ricci tensor
is the energy-momentum tensor



Free masses
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In the weak field regime

And Einstein equations give a wave equation

guv = diag(1,�1,�1,�1) + huv, huv ⌧ 1

⇤huv = 0

huv(t) =
2G

rc4
Ïuv(t�

r

c
)

The strength of the signal is determined by the 
quadruple moment of the source I and distance 
from the source r



Measurement of the fluctuations

● Pulsars and Earth (Nanograv)

● Free masses in space (LISA)

● Free masses on Earth (LIGO)
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Michelson interferometer

Input laser field
E = E1 sin(!t) + E2 cos(!t)
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<latexit sha1_base64="CexeIJN7MtiC96Ua2M88c/GWY4U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeKF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTk30kpEgN/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0mrVvXcqnd/Ualf5nEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w8o3I9X</latexit><latexit sha1_base64="CexeIJN7MtiC96Ua2M88c/GWY4U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeKF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTk30kpEgN/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0mrVvXcqnd/Ualf5nEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w8o3I9X</latexit><latexit sha1_base64="CexeIJN7MtiC96Ua2M88c/GWY4U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeKF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTk30kpEgN/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0mrVvXcqnd/Ualf5nEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w8o3I9X</latexit><latexit sha1_base64="CexeIJN7MtiC96Ua2M88c/GWY4U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeKF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTk30kpEgN/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0mrVvXcqnd/Ualf5nEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w8o3I9X</latexit>

iALO
<latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="6EB82qn4hdcPX+CfC4Y9oqg1Qgo=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnSpuHEhWME+YDqUTJppQ5PJkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nzqSw6PvfXmljc2t7p7xb2avuHxzWjqptq3PDeItpqU03ppZLkfIWCpS8mxlOVSx5Jx7fzvLOMzdW6PQJJxmPFB2mIhGMorNCcdMvekaR+4dpv1b3G/5cZB2CJdRhqWa/9tUbaJYrniKT1Now8DOMCmpQMMmnlV5ueUbZmA556DClituomI88JWfOGZBEG3dSJHP394uCKmsnKnY3FcWRXc1m5n9ZmGNyFRUizXLkKVt8lOSSoCaz/clAGM5QThxQZoSblbARNZSha6niSghWV16H9kUj8BvBow9lOIFTOIcALuEa7qAJLWCg4QXe4N1D79X7WNRV8pa9HcMfeZ8/etqPgg==</latexit><latexit sha1_base64="6EB82qn4hdcPX+CfC4Y9oqg1Qgo=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnSpuHEhWME+YDqUTJppQ5PJkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nzqSw6PvfXmljc2t7p7xb2avuHxzWjqptq3PDeItpqU03ppZLkfIWCpS8mxlOVSx5Jx7fzvLOMzdW6PQJJxmPFB2mIhGMorNCcdMvekaR+4dpv1b3G/5cZB2CJdRhqWa/9tUbaJYrniKT1Now8DOMCmpQMMmnlV5ueUbZmA556DClituomI88JWfOGZBEG3dSJHP394uCKmsnKnY3FcWRXc1m5n9ZmGNyFRUizXLkKVt8lOSSoCaz/clAGM5QThxQZoSblbARNZSha6niSghWV16H9kUj8BvBow9lOIFTOIcALuEa7qAJLWCg4QXe4N1D79X7WNRV8pa9HcMfeZ8/etqPgg==</latexit><latexit sha1_base64="f+t9dLTteHNaf7YZ1y1TN20/QFw=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4s1DJiYyEYwZjA5Qh7m71kyX4cu3tCOPIzbCwUsfXX2Plv3CRXaOKDgcd7M8zMi1POjPX9b6+0srq2vlHerGxt7+zuVfcPHo3KNKEtorjSnRgbypmkLcssp51UUyxiTtvx6Hrqt5+oNkzJBztOaSTwQLKEEWydFLKrXt7VAt3eTXrVml/3Z0DLJChIDQo0e9Wvbl+RTFBpCcfGhIGf2ijH2jLC6aTSzQxNMRnhAQ0dlVhQE+WzkyfoxCl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/88LMJpdRzmSaWSrJfFGScWQVmv6P+kxTYvnYEUw0c7ciMsQaE+tSqrgQgsWXl8njWT3w68G9X2ucF3GU4QiO4RQCuIAG3EATWkBAwTO8wptnvRfv3fuYt5a8YuYQ/sD7/AGzmZDP</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit>

P = 8⇡ALOA
L

�
h
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For the best sensitivity:
Maximize L and A
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the input power and shape 
the response of the detector.
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Y is the round trip loss.

Maximum power in the arms
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Instabilities
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High power effects

● Beam intensity is 7 kW / cm2 << 1 MW / cm2

● The key problem comes from point absorbers on the 
mirrors
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Input test masses

End test masses

Maximum power in the arms

End test masses

Parm =
Plaser

2Y (Parm)
<latexit sha1_base64="1gT0KyC326MAnCsXvDPdV/veFFk=">AAACHHicbVDLSgMxFM3UV62vUZdugkWomzJTRd0IBTcuK9iHdIaSSTNtaJIZkoxQhvkQN/6KGxeKuHEh+Dem7Sxq64XA4Zxz7809Qcyo0o7zYxVWVtfWN4qbpa3tnd09e/+gpaJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwupno7UciFY3EvR7HxOdoIGhIMdKG6tlnjV7qSQ6R5Bm8hl4oEU5zjpm5MsvS2kNlznWa9eyyU3WmBZeBm4MyyKvRs7+8foQTToTGZqjquk6s/RRJTTEjWclLFIkRHqEB6RooECfKT6fHZfDEMH0YRtI8oeGUne9IEVdqzAPj5EgP1aI2If/TuokOr/yUijjRRODZojBhUEdwkhTsU0mwZmMDEJbU/BXiITL5aJNnyYTgLp68DFq1qutU3bvzcv0ij6MIjsAxqAAXXII6uAUN0AQYPIEX8AberWfr1fqwPmfWgpX3HII/ZX3/AlULoXs=</latexit><latexit sha1_base64="1gT0KyC326MAnCsXvDPdV/veFFk=">AAACHHicbVDLSgMxFM3UV62vUZdugkWomzJTRd0IBTcuK9iHdIaSSTNtaJIZkoxQhvkQN/6KGxeKuHEh+Dem7Sxq64XA4Zxz7809Qcyo0o7zYxVWVtfWN4qbpa3tnd09e/+gpaJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwupno7UciFY3EvR7HxOdoIGhIMdKG6tlnjV7qSQ6R5Bm8hl4oEU5zjpm5MsvS2kNlznWa9eyyU3WmBZeBm4MyyKvRs7+8foQTToTGZqjquk6s/RRJTTEjWclLFIkRHqEB6RooECfKT6fHZfDEMH0YRtI8oeGUne9IEVdqzAPj5EgP1aI2If/TuokOr/yUijjRRODZojBhUEdwkhTsU0mwZmMDEJbU/BXiITL5aJNnyYTgLp68DFq1qutU3bvzcv0ij6MIjsAxqAAXXII6uAUN0AQYPIEX8AberWfr1fqwPmfWgpX3HII/ZX3/AlULoXs=</latexit><latexit sha1_base64="1gT0KyC326MAnCsXvDPdV/veFFk=">AAACHHicbVDLSgMxFM3UV62vUZdugkWomzJTRd0IBTcuK9iHdIaSSTNtaJIZkoxQhvkQN/6KGxeKuHEh+Dem7Sxq64XA4Zxz7809Qcyo0o7zYxVWVtfWN4qbpa3tnd09e/+gpaJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwupno7UciFY3EvR7HxOdoIGhIMdKG6tlnjV7qSQ6R5Bm8hl4oEU5zjpm5MsvS2kNlznWa9eyyU3WmBZeBm4MyyKvRs7+8foQTToTGZqjquk6s/RRJTTEjWclLFIkRHqEB6RooECfKT6fHZfDEMH0YRtI8oeGUne9IEVdqzAPj5EgP1aI2If/TuokOr/yUijjRRODZojBhUEdwkhTsU0mwZmMDEJbU/BXiITL5aJNnyYTgLp68DFq1qutU3bvzcv0ij6MIjsAxqAAXXII6uAUN0AQYPIEX8AberWfr1fqwPmfWgpX3HII/ZX3/AlULoXs=</latexit><latexit sha1_base64="1gT0KyC326MAnCsXvDPdV/veFFk=">AAACHHicbVDLSgMxFM3UV62vUZdugkWomzJTRd0IBTcuK9iHdIaSSTNtaJIZkoxQhvkQN/6KGxeKuHEh+Dem7Sxq64XA4Zxz7809Qcyo0o7zYxVWVtfWN4qbpa3tnd09e/+gpaJEYtLEEYtkJ0CKMCpIU1PNSCeWBPGAkXYwupno7UciFY3EvR7HxOdoIGhIMdKG6tlnjV7qSQ6R5Bm8hl4oEU5zjpm5MsvS2kNlznWa9eyyU3WmBZeBm4MyyKvRs7+8foQTToTGZqjquk6s/RRJTTEjWclLFIkRHqEB6RooECfKT6fHZfDEMH0YRtI8oeGUne9IEVdqzAPj5EgP1aI2If/TuokOr/yUijjRRODZojBhUEdwkhTsU0mwZmMDEJbU/BXiITL5aJNnyYTgLp68DFq1qutU3bvzcv0ij6MIjsAxqAAXXII6uAUN0AQYPIEX8AberWfr1fqwPmfWgpX3HII/ZX3/AlULoXs=</latexit>

Temperature of the absorber

T =
�Iw

2
<latexit sha1_base64="ju0etTYrTnmPc1VQcmRnj/IkTT4=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVJIi6kUoeNFbhX5BU8pku2mXbpJld6OUkJsX/4oXD4p49S9489+4bXPQ1gcDj/dmmJnnC86Udpxva2l5ZXVtvbBR3Nza3tm19/abKk4koQ0S81i2fVCUs4g2NNOctoWkEPqctvzR9cRv3VOpWBzV9VjQbgiDiAWMgDZSzz6q4yvsBRJI6vlUA77FD1lawd4IhICsZ5ecsjMFXiRuTkooR61nf3n9mCQhjTThoFTHdYTupiA1I5xmRS9RVAAZwYB2DI0gpKqbTv/I8IlR+jiIpalI46n6eyKFUKlx6JvOEPRQzXsT8T+vk+jgspuySCSaRmS2KEg41jGehIL7TFKi+dgQIJKZWzEZgglFm+iKJgR3/uVF0qyUXafs3p2Vqud5HAV0iI7RKXLRBaqiG1RDDUTQI3pGr+jNerJerHfrY9a6ZOUzB+gPrM8fMyOYNw==</latexit><latexit sha1_base64="ju0etTYrTnmPc1VQcmRnj/IkTT4=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVJIi6kUoeNFbhX5BU8pku2mXbpJld6OUkJsX/4oXD4p49S9489+4bXPQ1gcDj/dmmJnnC86Udpxva2l5ZXVtvbBR3Nza3tm19/abKk4koQ0S81i2fVCUs4g2NNOctoWkEPqctvzR9cRv3VOpWBzV9VjQbgiDiAWMgDZSzz6q4yvsBRJI6vlUA77FD1lawd4IhICsZ5ecsjMFXiRuTkooR61nf3n9mCQhjTThoFTHdYTupiA1I5xmRS9RVAAZwYB2DI0gpKqbTv/I8IlR+jiIpalI46n6eyKFUKlx6JvOEPRQzXsT8T+vk+jgspuySCSaRmS2KEg41jGehIL7TFKi+dgQIJKZWzEZgglFm+iKJgR3/uVF0qyUXafs3p2Vqud5HAV0iI7RKXLRBaqiG1RDDUTQI3pGr+jNerJerHfrY9a6ZOUzB+gPrM8fMyOYNw==</latexit><latexit sha1_base64="ju0etTYrTnmPc1VQcmRnj/IkTT4=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVJIi6kUoeNFbhX5BU8pku2mXbpJld6OUkJsX/4oXD4p49S9489+4bXPQ1gcDj/dmmJnnC86Udpxva2l5ZXVtvbBR3Nza3tm19/abKk4koQ0S81i2fVCUs4g2NNOctoWkEPqctvzR9cRv3VOpWBzV9VjQbgiDiAWMgDZSzz6q4yvsBRJI6vlUA77FD1lawd4IhICsZ5ecsjMFXiRuTkooR61nf3n9mCQhjTThoFTHdYTupiA1I5xmRS9RVAAZwYB2DI0gpKqbTv/I8IlR+jiIpalI46n6eyKFUKlx6JvOEPRQzXsT8T+vk+jgspuySCSaRmS2KEg41jGehIL7TFKi+dgQIJKZWzEZgglFm+iKJgR3/uVF0qyUXafs3p2Vqud5HAV0iI7RKXLRBaqiG1RDDUTQI3pGr+jNerJerHfrY9a6ZOUzB+gPrM8fMyOYNw==</latexit><latexit sha1_base64="ju0etTYrTnmPc1VQcmRnj/IkTT4=">AAACB3icbVBNS8NAEN34WetX1KMgi0XwVJIi6kUoeNFbhX5BU8pku2mXbpJld6OUkJsX/4oXD4p49S9489+4bXPQ1gcDj/dmmJnnC86Udpxva2l5ZXVtvbBR3Nza3tm19/abKk4koQ0S81i2fVCUs4g2NNOctoWkEPqctvzR9cRv3VOpWBzV9VjQbgiDiAWMgDZSzz6q4yvsBRJI6vlUA77FD1lawd4IhICsZ5ecsjMFXiRuTkooR61nf3n9mCQhjTThoFTHdYTupiA1I5xmRS9RVAAZwYB2DI0gpKqbTv/I8IlR+jiIpalI46n6eyKFUKlx6JvOEPRQzXsT8T+vk+jgspuySCSaRmS2KEg41jGehIL7TFKi+dgQIJKZWzEZgglFm+iKJgR3/uVF0qyUXafs3p2Vqud5HAV0iI7RKXLRBaqiG1RDDUTQI3pGr+jNerJerHfrY9a6ZOUzB+gPrM8fMyOYNw==</latexit>
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Ground vibrations

● Two types of isolation: active and passive
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Active isolation
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Passive isolation
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<latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="IBMMjcUlD5Bx6LQJpkkkKJw6c0c="></latexit><latexit sha1_base64="IBMMjcUlD5Bx6LQJpkkkKJw6c0c="></latexit><latexit sha1_base64="og7NmP1qUKA2+xZzgG/FXLNvn3M="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="IBMMjcUlD5Bx6LQJpkkkKJw6c0c="></latexit><latexit sha1_base64="IBMMjcUlD5Bx6LQJpkkkKJw6c0c="></latexit><latexit sha1_base64="og7NmP1qUKA2+xZzgG/FXLNvn3M="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit><latexit sha1_base64="w3J2NPK324dqGBnx0PPs1lmWh84="></latexit>

ẍ+
g

L1
x =

g

L1
x0

<latexit sha1_base64="3NCzDMNWwmn6Gs87cGmbZNGsraw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LhwUcE+oAlhMpm0QyeTMDORlpCvcOOvuHGhiFtx5984abPQ1gMXDufcy733+AmjUlnWt7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w+vC7zwQIWnM79U4IW6E+pyGFCOlJc88cYIgVtkoh8fQCQXCWT/Pbj07H8GrGcGzqp5Zs+rWBHCe2CWpgRJNz/xyghinEeEKMyRlz7YS5WZIKIoZyatOKkmC8BD1SU9TjiIi3WzyVg4PtRLAMBa6uIIT9fdEhiIpx5GvOyOkBnLWK8T/vF6qwks3ozxJFeF4uihMGVQxLDKCARUEKzbWBGFB9a0QD5DOQukkixDs2ZfnSfu0blt1++6s1jgv46iAfXAAjoANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABWonp8=</latexit><latexit sha1_base64="3NCzDMNWwmn6Gs87cGmbZNGsraw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LhwUcE+oAlhMpm0QyeTMDORlpCvcOOvuHGhiFtx5984abPQ1gMXDufcy733+AmjUlnWt7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w+vC7zwQIWnM79U4IW6E+pyGFCOlJc88cYIgVtkoh8fQCQXCWT/Pbj07H8GrGcGzqp5Zs+rWBHCe2CWpgRJNz/xyghinEeEKMyRlz7YS5WZIKIoZyatOKkmC8BD1SU9TjiIi3WzyVg4PtRLAMBa6uIIT9fdEhiIpx5GvOyOkBnLWK8T/vF6qwks3ozxJFeF4uihMGVQxLDKCARUEKzbWBGFB9a0QD5DOQukkixDs2ZfnSfu0blt1++6s1jgv46iAfXAAjoANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABWonp8=</latexit><latexit sha1_base64="3NCzDMNWwmn6Gs87cGmbZNGsraw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LhwUcE+oAlhMpm0QyeTMDORlpCvcOOvuHGhiFtx5984abPQ1gMXDufcy733+AmjUlnWt7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w+vC7zwQIWnM79U4IW6E+pyGFCOlJc88cYIgVtkoh8fQCQXCWT/Pbj07H8GrGcGzqp5Zs+rWBHCe2CWpgRJNz/xyghinEeEKMyRlz7YS5WZIKIoZyatOKkmC8BD1SU9TjiIi3WzyVg4PtRLAMBa6uIIT9fdEhiIpx5GvOyOkBnLWK8T/vF6qwks3ozxJFeF4uihMGVQxLDKCARUEKzbWBGFB9a0QD5DOQukkixDs2ZfnSfu0blt1++6s1jgv46iAfXAAjoANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABWonp8=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="fvvd5XQyKZdyR0wfIqpW8ErGFEY=">AAACC3icbZBLSwMxFIXv+Ky16ujWTbAIglgybnQjCG5cuKhgH9AOQyaTaUMzD5KMtAzzK9z4V9y4UMS9O/+NmbYLbT0QOJyTcHM/PxVcaYy/rZXVtfWNzcpWdbu2s7tn79faKskkZS2aiER2faKY4DFraa4F66aSkcgXrOOPbsq+88ik4kn8oCcpcyMyiHnIKdEm8uyzfhAkOh8X6BT1Q0loPijyO88pxuhqIfBw1bPruIGnQsvGmZs6zNX07K9+kNAsYrGmgijVc3Cq3ZxIzalgRbWfKZYSOiID1jM2JhFTbj5dq0DHJglQmEhzYo2m6e8XOYmUmkS+uRkRPVSLXRn+1/UyHV66OY/TTLOYzgaFmUA6QSUjFHDJqBYTYwiV3PwV0SExLLQhWUJwFldeNu3zhoMbzj2GChzCEZyAAxdwDbfQhBZQeIIXeIN369l6tT5muFasObcD+CPr8wdKTp0q</latexit><latexit sha1_base64="fvvd5XQyKZdyR0wfIqpW8ErGFEY=">AAACC3icbZBLSwMxFIXv+Ky16ujWTbAIglgybnQjCG5cuKhgH9AOQyaTaUMzD5KMtAzzK9z4V9y4UMS9O/+NmbYLbT0QOJyTcHM/PxVcaYy/rZXVtfWNzcpWdbu2s7tn79faKskkZS2aiER2faKY4DFraa4F66aSkcgXrOOPbsq+88ik4kn8oCcpcyMyiHnIKdEm8uyzfhAkOh8X6BT1Q0loPijyO88pxuhqIfBw1bPruIGnQsvGmZs6zNX07K9+kNAsYrGmgijVc3Cq3ZxIzalgRbWfKZYSOiID1jM2JhFTbj5dq0DHJglQmEhzYo2m6e8XOYmUmkS+uRkRPVSLXRn+1/UyHV66OY/TTLOYzgaFmUA6QSUjFHDJqBYTYwiV3PwV0SExLLQhWUJwFldeNu3zhoMbzj2GChzCEZyAAxdwDbfQhBZQeIIXeIN369l6tT5muFasObcD+CPr8wdKTp0q</latexit><latexit sha1_base64="1Zd3ByZ4IlzMIc4Rqwy1inwv2kg=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0UQxDJxoW6EghsXLirYBzQhTCaTdujkwcxEWkK+wo2/4saFIm7FnX/jpM1CWw9cOJxzL/fe4yWcSYXQt1FZWl5ZXauu1zY2t7Z3zN29joxTQWibxDwWPQ9LyllE24opTnuJoDj0OO16o+vC7z5QIVkc3atJQp0QDyIWMIKVllzz1Pb9WGXjHJ5AOxCYZIM8u3WtfAyv5gQX1VyzjhpoCrhIrJLUQYmWa37ZfkzSkEaKcCxl30KJcjIsFCOc5jU7lTTBZIQHtK9phEMqnWz6Vg6PtOLDIBa6IgWn6u+JDIdSTkJPd4ZYDeW8V4j/ef1UBZdOxqIkVTQis0VByqGKYZER9JmgRPGJJpgIpm+FZIh1FkonWYRgzb+8SDpnDQs1rDtUb56XcVTBATgEx8ACF6AJbkALtAEBj+AZvII348l4Md6Nj1lrxShn9sEfGJ8/FGiemw==</latexit><latexit sha1_base64="3NCzDMNWwmn6Gs87cGmbZNGsraw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LhwUcE+oAlhMpm0QyeTMDORlpCvcOOvuHGhiFtx5984abPQ1gMXDufcy733+AmjUlnWt7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w+vC7zwQIWnM79U4IW6E+pyGFCOlJc88cYIgVtkoh8fQCQXCWT/Pbj07H8GrGcGzqp5Zs+rWBHCe2CWpgRJNz/xyghinEeEKMyRlz7YS5WZIKIoZyatOKkmC8BD1SU9TjiIi3WzyVg4PtRLAMBa6uIIT9fdEhiIpx5GvOyOkBnLWK8T/vF6qwks3ozxJFeF4uihMGVQxLDKCARUEKzbWBGFB9a0QD5DOQukkixDs2ZfnSfu0blt1++6s1jgv46iAfXAAjoANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABWonp8=</latexit><latexit sha1_base64="3NCzDMNWwmn6Gs87cGmbZNGsraw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LhwUcE+oAlhMpm0QyeTMDORlpCvcOOvuHGhiFtx5984abPQ1gMXDufcy733+AmjUlnWt7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w+vC7zwQIWnM79U4IW6E+pyGFCOlJc88cYIgVtkoh8fQCQXCWT/Pbj07H8GrGcGzqp5Zs+rWBHCe2CWpgRJNz/xyghinEeEKMyRlz7YS5WZIKIoZyatOKkmC8BD1SU9TjiIi3WzyVg4PtRLAMBa6uIIT9fdEhiIpx5GvOyOkBnLWK8T/vF6qwks3ozxJFeF4uihMGVQxLDKCARUEKzbWBGFB9a0QD5DOQukkixDs2ZfnSfu0blt1++6s1jgv46iAfXAAjoANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABWonp8=</latexit><latexit sha1_base64="3NCzDMNWwmn6Gs87cGmbZNGsraw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LhwUcE+oAlhMpm0QyeTMDORlpCvcOOvuHGhiFtx5984abPQ1gMXDufcy733+AmjUlnWt7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w+vC7zwQIWnM79U4IW6E+pyGFCOlJc88cYIgVtkoh8fQCQXCWT/Pbj07H8GrGcGzqp5Zs+rWBHCe2CWpgRJNz/xyghinEeEKMyRlz7YS5WZIKIoZyatOKkmC8BD1SU9TjiIi3WzyVg4PtRLAMBa6uIIT9fdEhiIpx5GvOyOkBnLWK8T/vF6qwks3ozxJFeF4uihMGVQxLDKCARUEKzbWBGFB9a0QD5DOQukkixDs2ZfnSfu0blt1++6s1jgv46iAfXAAjoANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABWonp8=</latexit><latexit sha1_base64="3NCzDMNWwmn6Gs87cGmbZNGsraw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LhwUcE+oAlhMpm0QyeTMDORlpCvcOOvuHGhiFtx5984abPQ1gMXDufcy733+AmjUlnWt7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w+vC7zwQIWnM79U4IW6E+pyGFCOlJc88cYIgVtkoh8fQCQXCWT/Pbj07H8GrGcGzqp5Zs+rWBHCe2CWpgRJNz/xyghinEeEKMyRlz7YS5WZIKIoZyatOKkmC8BD1SU9TjiIi3WzyVg4PtRLAMBa6uIIT9fdEhiIpx5GvOyOkBnLWK8T/vF6qwks3ozxJFeF4uihMGVQxLDKCARUEKzbWBGFB9a0QD5DOQukkixDs2ZfnSfu0blt1++6s1jgv46iAfXAAjoANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABWonp8=</latexit><latexit sha1_base64="3NCzDMNWwmn6Gs87cGmbZNGsraw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LhwUcE+oAlhMpm0QyeTMDORlpCvcOOvuHGhiFtx5984abPQ1gMXDufcy733+AmjUlnWt7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w+vC7zwQIWnM79U4IW6E+pyGFCOlJc88cYIgVtkoh8fQCQXCWT/Pbj07H8GrGcGzqp5Zs+rWBHCe2CWpgRJNz/xyghinEeEKMyRlz7YS5WZIKIoZyatOKkmC8BD1SU9TjiIi3WzyVg4PtRLAMBa6uIIT9fdEhiIpx5GvOyOkBnLWK8T/vF6qwks3ozxJFeF4uihMGVQxLDKCARUEKzbWBGFB9a0QD5DOQukkixDs2ZfnSfu0blt1++6s1jgv46iAfXAAjoANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABWonp8=</latexit><latexit sha1_base64="3NCzDMNWwmn6Gs87cGmbZNGsraw=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdSMU3LhwUcE+oAlhMpm0QyeTMDORlpCvcOOvuHGhiFtx5984abPQ1gMXDufcy733+AmjUlnWt7GwuLS8slpZq65vbG5tmzu7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w+vC7zwQIWnM79U4IW6E+pyGFCOlJc88cYIgVtkoh8fQCQXCWT/Pbj07H8GrGcGzqp5Zs+rWBHCe2CWpgRJNz/xyghinEeEKMyRlz7YS5WZIKIoZyatOKkmC8BD1SU9TjiIi3WzyVg4PtRLAMBa6uIIT9fdEhiIpx5GvOyOkBnLWK8T/vF6qwks3ozxJFeF4uihMGVQxLDKCARUEKzbWBGFB9a0QD5DOQukkixDs2ZfnSfu0blt1++6s1jgv46iAfXAAjoANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABWonp8=</latexit>
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Controls noise
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Angular motion is 
stabilized with 
bandwidth of 3 Hz.
Controls noise is 
seen up to 30 Hz.



Backscattering

● Small fraction of the beam scatters away from the 
optic, hits the beam tube, and scatters back into the 
main beam.
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Thermal noises

● LIGO detectors operate at room temperature
● Each degree of freedom has energy of kT / 2
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Thermal noises

● LIGO detectors operate at room temperature
● Each degree of freedom has energy of kT / 2
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The fluctuation-dissipation theorem:

Q is the quality factor of the mechanical mode
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Thermal noises

● LIGO detectors operate at room temperature
● Each degree of freedom has energy of kT / 2
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Quantum noise

● Laser field consists of a finite number of photons

● The lower bound is achieved with coherent states

E(t) = E1(t) sin(!0t) + E2(t) cos(!0t)
<latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit><latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit><latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit><latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit>

�E1�E2 � ~C
<latexit sha1_base64="ez1H+uHXgt3sVwfFZqkzxc1Ipy8=">AAACCnicbZDNSsNAFIUn9a/Wv6hLN6NFcFWSIuqyUAWXFWwtNCFMprft0MkkzEyEErp246u4caGIW5/AnW/jtA2irQcGPs69lzv3hAlnSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTSaFJYx7LdkgUcCagqZnm0E4kkCjkcBcO65P63T1IxWJxq0cJ+BHpC9ZjlGhjBfahdwlcE3wVuPgHq9jrA/YGIZG4Hthlp+JMhRfBzaGMcjUC+9PrxjSNQGjKiVId10m0nxGpGeUwLnmpgoTQIelDx6AgESg/m54yxsfG6eJeLM0TGk/d3xMZiZQaRaHpjIgeqPnaxPyv1kl178LPmEhSDYLOFvVSjnWMJ7ngLpNANR8ZIFQy81dMB0QSqk16JROCO3/yIrSqFdepuDen5dpZHkcRHaAjdIJcdI5q6Bo1UBNR9ICe0At6tR6tZ+vNep+1Fqx8Zh/9kfXxDaHymEQ=</latexit><latexit sha1_base64="ez1H+uHXgt3sVwfFZqkzxc1Ipy8=">AAACCnicbZDNSsNAFIUn9a/Wv6hLN6NFcFWSIuqyUAWXFWwtNCFMprft0MkkzEyEErp246u4caGIW5/AnW/jtA2irQcGPs69lzv3hAlnSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTSaFJYx7LdkgUcCagqZnm0E4kkCjkcBcO65P63T1IxWJxq0cJ+BHpC9ZjlGhjBfahdwlcE3wVuPgHq9jrA/YGIZG4Hthlp+JMhRfBzaGMcjUC+9PrxjSNQGjKiVId10m0nxGpGeUwLnmpgoTQIelDx6AgESg/m54yxsfG6eJeLM0TGk/d3xMZiZQaRaHpjIgeqPnaxPyv1kl178LPmEhSDYLOFvVSjnWMJ7ngLpNANR8ZIFQy81dMB0QSqk16JROCO3/yIrSqFdepuDen5dpZHkcRHaAjdIJcdI5q6Bo1UBNR9ICe0At6tR6tZ+vNep+1Fqx8Zh/9kfXxDaHymEQ=</latexit><latexit sha1_base64="ez1H+uHXgt3sVwfFZqkzxc1Ipy8=">AAACCnicbZDNSsNAFIUn9a/Wv6hLN6NFcFWSIuqyUAWXFWwtNCFMprft0MkkzEyEErp246u4caGIW5/AnW/jtA2irQcGPs69lzv3hAlnSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTSaFJYx7LdkgUcCagqZnm0E4kkCjkcBcO65P63T1IxWJxq0cJ+BHpC9ZjlGhjBfahdwlcE3wVuPgHq9jrA/YGIZG4Hthlp+JMhRfBzaGMcjUC+9PrxjSNQGjKiVId10m0nxGpGeUwLnmpgoTQIelDx6AgESg/m54yxsfG6eJeLM0TGk/d3xMZiZQaRaHpjIgeqPnaxPyv1kl178LPmEhSDYLOFvVSjnWMJ7ngLpNANR8ZIFQy81dMB0QSqk16JROCO3/yIrSqFdepuDen5dpZHkcRHaAjdIJcdI5q6Bo1UBNR9ICe0At6tR6tZ+vNep+1Fqx8Zh/9kfXxDaHymEQ=</latexit><latexit sha1_base64="ez1H+uHXgt3sVwfFZqkzxc1Ipy8=">AAACCnicbZDNSsNAFIUn9a/Wv6hLN6NFcFWSIuqyUAWXFWwtNCFMprft0MkkzEyEErp246u4caGIW5/AnW/jtA2irQcGPs69lzv3hAlnSjvOl1VYWl5ZXSuulzY2t7Z37N29lopTSaFJYx7LdkgUcCagqZnm0E4kkCjkcBcO65P63T1IxWJxq0cJ+BHpC9ZjlGhjBfahdwlcE3wVuPgHq9jrA/YGIZG4Hthlp+JMhRfBzaGMcjUC+9PrxjSNQGjKiVId10m0nxGpGeUwLnmpgoTQIelDx6AgESg/m54yxsfG6eJeLM0TGk/d3xMZiZQaRaHpjIgeqPnaxPyv1kl178LPmEhSDYLOFvVSjnWMJ7ngLpNANR8ZIFQy81dMB0QSqk16JROCO3/yIrSqFdepuDen5dpZHkcRHaAjdIJcdI5q6Bo1UBNR9ICe0At6tR6tZ+vNep+1Fqx8Zh/9kfXxDaHymEQ=</latexit>

|0 >
<latexit sha1_base64="V3332CMFin2DquulX0aSMOKX4Jk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOxFK7E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3T+5171yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOq5Ve/uvFK7yOMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/aZo12</latexit><latexit sha1_base64="V3332CMFin2DquulX0aSMOKX4Jk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOxFK7E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3T+5171yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOq5Ve/uvFK7yOMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/aZo12</latexit><latexit sha1_base64="V3332CMFin2DquulX0aSMOKX4Jk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOxFK7E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3T+5171yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOq5Ve/uvFK7yOMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/aZo12</latexit><latexit sha1_base64="V3332CMFin2DquulX0aSMOKX4Jk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaD+gDWWz3bRLN5uwOxFK7E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0oEQoGEUr3T+5171yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOq5Ve/uvFK7yOMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w/aZo12</latexit>

|↵ >
<latexit sha1_base64="fcQ+mG++jmW6OdYohy2y2aZw82g=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYD+gDWWy3bRLN5u4uxFK7J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W49MaR7LezNOmB/hQPKQUzRWaj91USRDvO6VK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1XPrXp355XaRR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5D86L8+58zFsLTj5zCH/gfP4A8YCP2g==</latexit><latexit sha1_base64="fcQ+mG++jmW6OdYohy2y2aZw82g=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYD+gDWWy3bRLN5u4uxFK7J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W49MaR7LezNOmB/hQPKQUzRWaj91USRDvO6VK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1XPrXp355XaRR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5D86L8+58zFsLTj5zCH/gfP4A8YCP2g==</latexit><latexit sha1_base64="fcQ+mG++jmW6OdYohy2y2aZw82g=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYD+gDWWy3bRLN5u4uxFK7J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W49MaR7LezNOmB/hQPKQUzRWaj91USRDvO6VK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1XPrXp355XaRR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5D86L8+58zFsLTj5zCH/gfP4A8YCP2g==</latexit><latexit sha1_base64="fcQ+mG++jmW6OdYohy2y2aZw82g=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisYD+gDWWy3bRLN5u4uxFK7J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDP1W49MaR7LezNOmB/hQPKQUzRWaj91USRDvO6VK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1XPrXp355XaRR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5D86L8+58zFsLTj5zCH/gfP4A8YCP2g==</latexit>
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<latexit sha1_base64="cYsXbrnbPA1DtveccCd6CqgZxPE=">AAACDHicbZDLSgMxFIbPeK31VnXpJlgEcVFmRNSFSsGNK6lgL9COJZNm2tBMZkgyQpn2Adz4Km5cKOLWB3Dn25h2ZqGtB0I+/v8ckvN7EWdK2/a3NTe/sLi0nFvJr66tb2wWtrZrKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf6V2O//kClYqG404OIugHuCuYzgrWR2oXieQvzqIeHN8MULtEFSim77g9Nl12yJ4VmwcmgCFlV2oWvVickcUCFJhwr1XTsSLsJlpoRTkf5VqxohEkfd2nToMABVW4yWWaE9o3SQX4ozREaTdTfEwkOlBoEnukMsO6paW8s/uc1Y+2fuQkTUaypIOlDfsyRDtE4GdRhkhLNBwYwkcz8FZEelphok1/ehOBMrzwLtaOSY5ec2+Ni+SSLIwe7sAcH4MAplOEaKlAFAo/wDK/wZj1ZL9a79ZG2zlnZzA78KevzB0B1mmo=</latexit><latexit sha1_base64="cYsXbrnbPA1DtveccCd6CqgZxPE=">AAACDHicbZDLSgMxFIbPeK31VnXpJlgEcVFmRNSFSsGNK6lgL9COJZNm2tBMZkgyQpn2Adz4Km5cKOLWB3Dn25h2ZqGtB0I+/v8ckvN7EWdK2/a3NTe/sLi0nFvJr66tb2wWtrZrKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf6V2O//kClYqG404OIugHuCuYzgrWR2oXieQvzqIeHN8MULtEFSim77g9Nl12yJ4VmwcmgCFlV2oWvVickcUCFJhwr1XTsSLsJlpoRTkf5VqxohEkfd2nToMABVW4yWWaE9o3SQX4ozREaTdTfEwkOlBoEnukMsO6paW8s/uc1Y+2fuQkTUaypIOlDfsyRDtE4GdRhkhLNBwYwkcz8FZEelphok1/ehOBMrzwLtaOSY5ec2+Ni+SSLIwe7sAcH4MAplOEaKlAFAo/wDK/wZj1ZL9a79ZG2zlnZzA78KevzB0B1mmo=</latexit><latexit sha1_base64="cYsXbrnbPA1DtveccCd6CqgZxPE=">AAACDHicbZDLSgMxFIbPeK31VnXpJlgEcVFmRNSFSsGNK6lgL9COJZNm2tBMZkgyQpn2Adz4Km5cKOLWB3Dn25h2ZqGtB0I+/v8ckvN7EWdK2/a3NTe/sLi0nFvJr66tb2wWtrZrKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf6V2O//kClYqG404OIugHuCuYzgrWR2oXieQvzqIeHN8MULtEFSim77g9Nl12yJ4VmwcmgCFlV2oWvVickcUCFJhwr1XTsSLsJlpoRTkf5VqxohEkfd2nToMABVW4yWWaE9o3SQX4ozREaTdTfEwkOlBoEnukMsO6paW8s/uc1Y+2fuQkTUaypIOlDfsyRDtE4GdRhkhLNBwYwkcz8FZEelphok1/ehOBMrzwLtaOSY5ec2+Ni+SSLIwe7sAcH4MAplOEaKlAFAo/wDK/wZj1ZL9a79ZG2zlnZzA78KevzB0B1mmo=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jPJA9QGlZEZNOCqcfp7mhM+aTCo=">AAACAXicbZDLSgMxFIbPeK21anXrJlgEcVFm3OhCRXDjSirYC7RjOZNm2tDMhSQjlGkfwI2v4saFIr6EO9/GtDMLbT0Q8vH/55Cc34sFV9q2v62l5ZXVtfXCRnGztLW9U94tNVSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0htdTv/nIpOJReK9HMXMD7Ifc5xS1kbrlynkHRTzA8e04g0tyQTLKr4dj02VX7VmRRXByqEBetW75q9OLaBKwUFOBSrUdO9ZuilJzKtik2EkUi5EOsc/aBkMMmHLT2TITcmiUHvEjaU6oyUz9PZFioNQo8ExngHqg5r2p+J/XTrR/5qY8jBPNQpo95CeC6IhMkyE9LhnVYmQAqeTmr4QOUCLVJr+iCcGZX3kRGidVx646dzYUYB8O4AgcOIUruIEa1IHCE7zAG7xbz9ar9ZHFtWTlue3Bn7I+fwChlpj/</latexit><latexit sha1_base64="jPJA9QGlZEZNOCqcfp7mhM+aTCo=">AAACAXicbZDLSgMxFIbPeK21anXrJlgEcVFm3OhCRXDjSirYC7RjOZNm2tDMhSQjlGkfwI2v4saFIr6EO9/GtDMLbT0Q8vH/55Cc34sFV9q2v62l5ZXVtfXCRnGztLW9U94tNVSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0htdTv/nIpOJReK9HMXMD7Ifc5xS1kbrlynkHRTzA8e04g0tyQTLKr4dj02VX7VmRRXByqEBetW75q9OLaBKwUFOBSrUdO9ZuilJzKtik2EkUi5EOsc/aBkMMmHLT2TITcmiUHvEjaU6oyUz9PZFioNQo8ExngHqg5r2p+J/XTrR/5qY8jBPNQpo95CeC6IhMkyE9LhnVYmQAqeTmr4QOUCLVJr+iCcGZX3kRGidVx646dzYUYB8O4AgcOIUruIEa1IHCE7zAG7xbz9ar9ZHFtWTlue3Bn7I+fwChlpj/</latexit><latexit sha1_base64="65FJxhviOYAEYpsipPzEo38L3bI=">AAACDHicbZDLSgMxFIYz9VbrrerSTbAI4qLMuFAXKgU3rqSCvUA7ljNppg3NZIYkI5RpH8CNr+LGhSJufQB3vo1pZxbaeiDk4//PITm/F3GmtG1/W7mFxaXllfxqYW19Y3OruL1TV2EsCa2RkIey6YGinAla00xz2owkhcDjtOENriZ+44FKxUJxp4cRdQPoCeYzAtpInWLpvA086sPoZpTCJb7AKWXX/ZHpssv2tPA8OBmUUFbVTvGr3Q1JHFChCQelWo4daTcBqRnhdFxox4pGQAbQoy2DAgKq3GS6zBgfGKWL/VCaIzSeqr8nEgiUGgae6QxA99WsNxH/81qx9s/chIko1lSQ9CE/5liHeJIM7jJJieZDA0AkM3/FpA8SiDb5FUwIzuzK81A/Ljt22bm1S5WTLI482kP76BA56BRV0DWqohoi6BE9o1f0Zj1ZL9a79ZG25qxsZhf9KevzBz81mmY=</latexit><latexit sha1_base64="cYsXbrnbPA1DtveccCd6CqgZxPE=">AAACDHicbZDLSgMxFIbPeK31VnXpJlgEcVFmRNSFSsGNK6lgL9COJZNm2tBMZkgyQpn2Adz4Km5cKOLWB3Dn25h2ZqGtB0I+/v8ckvN7EWdK2/a3NTe/sLi0nFvJr66tb2wWtrZrKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf6V2O//kClYqG404OIugHuCuYzgrWR2oXieQvzqIeHN8MULtEFSim77g9Nl12yJ4VmwcmgCFlV2oWvVickcUCFJhwr1XTsSLsJlpoRTkf5VqxohEkfd2nToMABVW4yWWaE9o3SQX4ozREaTdTfEwkOlBoEnukMsO6paW8s/uc1Y+2fuQkTUaypIOlDfsyRDtE4GdRhkhLNBwYwkcz8FZEelphok1/ehOBMrzwLtaOSY5ec2+Ni+SSLIwe7sAcH4MAplOEaKlAFAo/wDK/wZj1ZL9a79ZG2zlnZzA78KevzB0B1mmo=</latexit><latexit sha1_base64="cYsXbrnbPA1DtveccCd6CqgZxPE=">AAACDHicbZDLSgMxFIbPeK31VnXpJlgEcVFmRNSFSsGNK6lgL9COJZNm2tBMZkgyQpn2Adz4Km5cKOLWB3Dn25h2ZqGtB0I+/v8ckvN7EWdK2/a3NTe/sLi0nFvJr66tb2wWtrZrKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf6V2O//kClYqG404OIugHuCuYzgrWR2oXieQvzqIeHN8MULtEFSim77g9Nl12yJ4VmwcmgCFlV2oWvVickcUCFJhwr1XTsSLsJlpoRTkf5VqxohEkfd2nToMABVW4yWWaE9o3SQX4ozREaTdTfEwkOlBoEnukMsO6paW8s/uc1Y+2fuQkTUaypIOlDfsyRDtE4GdRhkhLNBwYwkcz8FZEelphok1/ehOBMrzwLtaOSY5ec2+Ni+SSLIwe7sAcH4MAplOEaKlAFAo/wDK/wZj1ZL9a79ZG2zlnZzA78KevzB0B1mmo=</latexit><latexit sha1_base64="cYsXbrnbPA1DtveccCd6CqgZxPE=">AAACDHicbZDLSgMxFIbPeK31VnXpJlgEcVFmRNSFSsGNK6lgL9COJZNm2tBMZkgyQpn2Adz4Km5cKOLWB3Dn25h2ZqGtB0I+/v8ckvN7EWdK2/a3NTe/sLi0nFvJr66tb2wWtrZrKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf6V2O//kClYqG404OIugHuCuYzgrWR2oXieQvzqIeHN8MULtEFSim77g9Nl12yJ4VmwcmgCFlV2oWvVickcUCFJhwr1XTsSLsJlpoRTkf5VqxohEkfd2nToMABVW4yWWaE9o3SQX4ozREaTdTfEwkOlBoEnukMsO6paW8s/uc1Y+2fuQkTUaypIOlDfsyRDtE4GdRhkhLNBwYwkcz8FZEelphok1/ehOBMrzwLtaOSY5ec2+Ni+SSLIwe7sAcH4MAplOEaKlAFAo/wDK/wZj1ZL9a79ZG2zlnZzA78KevzB0B1mmo=</latexit><latexit sha1_base64="cYsXbrnbPA1DtveccCd6CqgZxPE=">AAACDHicbZDLSgMxFIbPeK31VnXpJlgEcVFmRNSFSsGNK6lgL9COJZNm2tBMZkgyQpn2Adz4Km5cKOLWB3Dn25h2ZqGtB0I+/v8ckvN7EWdK2/a3NTe/sLi0nFvJr66tb2wWtrZrKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf6V2O//kClYqG404OIugHuCuYzgrWR2oXieQvzqIeHN8MULtEFSim77g9Nl12yJ4VmwcmgCFlV2oWvVickcUCFJhwr1XTsSLsJlpoRTkf5VqxohEkfd2nToMABVW4yWWaE9o3SQX4ozREaTdTfEwkOlBoEnukMsO6paW8s/uc1Y+2fuQkTUaypIOlDfsyRDtE4GdRhkhLNBwYwkcz8FZEelphok1/ehOBMrzwLtaOSY5ec2+Ni+SSLIwe7sAcH4MAplOEaKlAFAo/wDK/wZj1ZL9a79ZG2zlnZzA78KevzB0B1mmo=</latexit><latexit sha1_base64="cYsXbrnbPA1DtveccCd6CqgZxPE=">AAACDHicbZDLSgMxFIbPeK31VnXpJlgEcVFmRNSFSsGNK6lgL9COJZNm2tBMZkgyQpn2Adz4Km5cKOLWB3Dn25h2ZqGtB0I+/v8ckvN7EWdK2/a3NTe/sLi0nFvJr66tb2wWtrZrKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf6V2O//kClYqG404OIugHuCuYzgrWR2oXieQvzqIeHN8MULtEFSim77g9Nl12yJ4VmwcmgCFlV2oWvVickcUCFJhwr1XTsSLsJlpoRTkf5VqxohEkfd2nToMABVW4yWWaE9o3SQX4ozREaTdTfEwkOlBoEnukMsO6paW8s/uc1Y+2fuQkTUaypIOlDfsyRDtE4GdRhkhLNBwYwkcz8FZEelphok1/ehOBMrzwLtaOSY5ec2+Ni+SSLIwe7sAcH4MAplOEaKlAFAo/wDK/wZj1ZL9a79ZG2zlnZzA78KevzB0B1mmo=</latexit><latexit sha1_base64="cYsXbrnbPA1DtveccCd6CqgZxPE=">AAACDHicbZDLSgMxFIbPeK31VnXpJlgEcVFmRNSFSsGNK6lgL9COJZNm2tBMZkgyQpn2Adz4Km5cKOLWB3Dn25h2ZqGtB0I+/v8ckvN7EWdK2/a3NTe/sLi0nFvJr66tb2wWtrZrKowloVUS8lA2PKwoZ4JWNdOcNiJJceBxWvf6V2O//kClYqG404OIugHuCuYzgrWR2oXieQvzqIeHN8MULtEFSim77g9Nl12yJ4VmwcmgCFlV2oWvVickcUCFJhwr1XTsSLsJlpoRTkf5VqxohEkfd2nToMABVW4yWWaE9o3SQX4ozREaTdTfEwkOlBoEnukMsO6paW8s/uc1Y+2fuQkTUaypIOlDfsyRDtE4GdRhkhLNBwYwkcz8FZEelphok1/ehOBMrzwLtaOSY5ec2+Ni+SSLIwe7sAcH4MAplOEaKlAFAo/wDK/wZj1ZL9a79ZG2zlnZzA78KevzB0B1mmo=</latexit>

< ↵|N2|↵ > � < ↵|N |↵ >2= ↵↵⇤
<latexit sha1_base64="F/HtJ5WyCHnWEn0ctxBxPREFOLM=">AAACJHicbZDLSgMxFIYzXmu9jbp0EyyCCJaZIip4oeDGlVSwF2inJZNm2tBMZkgyQpn2Ydz4Km5ceMGFG5/FtDOKth4I+fj/c0jO74aMSmVZH8bM7Nz8wmJmKbu8srq2bm5sVmQQCUzKOGCBqLlIEkY5KSuqGKmFgiDfZaTq9i5HfvWOCEkDfqv6IXF81OHUoxgpLbXM07MGYmEXDa6bhUGCF/AA/qjfWrMAz2HC6dXcb5k5K2+NC06DnUIOpFVqma+NdoAjn3CFGZKybluhcmIkFMWMDLONSJIQ4R7qkLpGjnwinXi85BDuaqUNvUDowxUcq78nYuRL2fdd3ekj1ZWT3kj8z6tHyjtxYsrDSBGOk4e8iEEVwFFisE0FwYr1NSAsqP4rxF0kEFY616wOwZ5ceRoqhbxt5e2bw1zxKI0jA7bBDtgDNjgGRXAFSqAMMLgHj+AZvBgPxpPxZrwnrTNGOrMF/pTx+QV+aKNr</latexit><latexit sha1_base64="F/HtJ5WyCHnWEn0ctxBxPREFOLM=">AAACJHicbZDLSgMxFIYzXmu9jbp0EyyCCJaZIip4oeDGlVSwF2inJZNm2tBMZkgyQpn2Ydz4Km5ceMGFG5/FtDOKth4I+fj/c0jO74aMSmVZH8bM7Nz8wmJmKbu8srq2bm5sVmQQCUzKOGCBqLlIEkY5KSuqGKmFgiDfZaTq9i5HfvWOCEkDfqv6IXF81OHUoxgpLbXM07MGYmEXDa6bhUGCF/AA/qjfWrMAz2HC6dXcb5k5K2+NC06DnUIOpFVqma+NdoAjn3CFGZKybluhcmIkFMWMDLONSJIQ4R7qkLpGjnwinXi85BDuaqUNvUDowxUcq78nYuRL2fdd3ekj1ZWT3kj8z6tHyjtxYsrDSBGOk4e8iEEVwFFisE0FwYr1NSAsqP4rxF0kEFY616wOwZ5ceRoqhbxt5e2bw1zxKI0jA7bBDtgDNjgGRXAFSqAMMLgHj+AZvBgPxpPxZrwnrTNGOrMF/pTx+QV+aKNr</latexit><latexit sha1_base64="F/HtJ5WyCHnWEn0ctxBxPREFOLM=">AAACJHicbZDLSgMxFIYzXmu9jbp0EyyCCJaZIip4oeDGlVSwF2inJZNm2tBMZkgyQpn2Ydz4Km5ceMGFG5/FtDOKth4I+fj/c0jO74aMSmVZH8bM7Nz8wmJmKbu8srq2bm5sVmQQCUzKOGCBqLlIEkY5KSuqGKmFgiDfZaTq9i5HfvWOCEkDfqv6IXF81OHUoxgpLbXM07MGYmEXDa6bhUGCF/AA/qjfWrMAz2HC6dXcb5k5K2+NC06DnUIOpFVqma+NdoAjn3CFGZKybluhcmIkFMWMDLONSJIQ4R7qkLpGjnwinXi85BDuaqUNvUDowxUcq78nYuRL2fdd3ekj1ZWT3kj8z6tHyjtxYsrDSBGOk4e8iEEVwFFisE0FwYr1NSAsqP4rxF0kEFY616wOwZ5ceRoqhbxt5e2bw1zxKI0jA7bBDtgDNjgGRXAFSqAMMLgHj+AZvBgPxpPxZrwnrTNGOrMF/pTx+QV+aKNr</latexit><latexit sha1_base64="F/HtJ5WyCHnWEn0ctxBxPREFOLM=">AAACJHicbZDLSgMxFIYzXmu9jbp0EyyCCJaZIip4oeDGlVSwF2inJZNm2tBMZkgyQpn2Ydz4Km5ceMGFG5/FtDOKth4I+fj/c0jO74aMSmVZH8bM7Nz8wmJmKbu8srq2bm5sVmQQCUzKOGCBqLlIEkY5KSuqGKmFgiDfZaTq9i5HfvWOCEkDfqv6IXF81OHUoxgpLbXM07MGYmEXDa6bhUGCF/AA/qjfWrMAz2HC6dXcb5k5K2+NC06DnUIOpFVqma+NdoAjn3CFGZKybluhcmIkFMWMDLONSJIQ4R7qkLpGjnwinXi85BDuaqUNvUDowxUcq78nYuRL2fdd3ekj1ZWT3kj8z6tHyjtxYsrDSBGOk4e8iEEVwFFisE0FwYr1NSAsqP4rxF0kEFY616wOwZ5ceRoqhbxt5e2bw1zxKI0jA7bBDtgDNjgGRXAFSqAMMLgHj+AZvBgPxpPxZrwnrTNGOrMF/pTx+QV+aKNr</latexit>
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<latexit sha1_base64="3OJV1zA7dDZhI2yGoEb29xkbxdg=">AAACKHicbVDJTsMwEHVYS9kCHLlYVEiIQ5UgBNyoxIUTKksXqQmR4zqtVTsJtoNURfkcLvwKF4RAqFe+BDfNgbaMZM/TezMez/NjRqWyrJGxsLi0vLJaWiuvb2xubZs7u00ZJQKTBo5YJNo+koTRkDQUVYy0Y0EQ9xlp+YOrsd56JkLSKHxQw5i4HPVCGlCMlKY88zJ1BIf3N3cZdCTl+noSKnUQi/sITtLj8ZRW9/IWpoeKLPPMilW18oDzwC5ABRRR98wPpxvhhJNQYf2G7NhWrNwUCUUxI1nZSSSJER6gHuloGCJOpJvmi2bwUDNdGERCn1DBnP3bkSIu5ZD7upIj1Zez2pj8T+skKrhwUxrGiSIhngwKEgZVBMeuwS4VBCs21ABhQfVfIe4jgbDS3pa1CfbsyvOgeVK1rap9e1qpnRV2lMA+OABHwAbnoAauQR00AAYv4A18gi/j1Xg3vo3RpHTBKHr2wFQYP7+U5Kbm</latexit><latexit sha1_base64="3OJV1zA7dDZhI2yGoEb29xkbxdg=">AAACKHicbVDJTsMwEHVYS9kCHLlYVEiIQ5UgBNyoxIUTKksXqQmR4zqtVTsJtoNURfkcLvwKF4RAqFe+BDfNgbaMZM/TezMez/NjRqWyrJGxsLi0vLJaWiuvb2xubZs7u00ZJQKTBo5YJNo+koTRkDQUVYy0Y0EQ9xlp+YOrsd56JkLSKHxQw5i4HPVCGlCMlKY88zJ1BIf3N3cZdCTl+noSKnUQi/sITtLj8ZRW9/IWpoeKLPPMilW18oDzwC5ABRRR98wPpxvhhJNQYf2G7NhWrNwUCUUxI1nZSSSJER6gHuloGCJOpJvmi2bwUDNdGERCn1DBnP3bkSIu5ZD7upIj1Zez2pj8T+skKrhwUxrGiSIhngwKEgZVBMeuwS4VBCs21ABhQfVfIe4jgbDS3pa1CfbsyvOgeVK1rap9e1qpnRV2lMA+OABHwAbnoAauQR00AAYv4A18gi/j1Xg3vo3RpHTBKHr2wFQYP7+U5Kbm</latexit><latexit sha1_base64="3OJV1zA7dDZhI2yGoEb29xkbxdg=">AAACKHicbVDJTsMwEHVYS9kCHLlYVEiIQ5UgBNyoxIUTKksXqQmR4zqtVTsJtoNURfkcLvwKF4RAqFe+BDfNgbaMZM/TezMez/NjRqWyrJGxsLi0vLJaWiuvb2xubZs7u00ZJQKTBo5YJNo+koTRkDQUVYy0Y0EQ9xlp+YOrsd56JkLSKHxQw5i4HPVCGlCMlKY88zJ1BIf3N3cZdCTl+noSKnUQi/sITtLj8ZRW9/IWpoeKLPPMilW18oDzwC5ABRRR98wPpxvhhJNQYf2G7NhWrNwUCUUxI1nZSSSJER6gHuloGCJOpJvmi2bwUDNdGERCn1DBnP3bkSIu5ZD7upIj1Zez2pj8T+skKrhwUxrGiSIhngwKEgZVBMeuwS4VBCs21ABhQfVfIe4jgbDS3pa1CfbsyvOgeVK1rap9e1qpnRV2lMA+OABHwAbnoAauQR00AAYv4A18gi/j1Xg3vo3RpHTBKHr2wFQYP7+U5Kbm</latexit><latexit sha1_base64="3OJV1zA7dDZhI2yGoEb29xkbxdg=">AAACKHicbVDJTsMwEHVYS9kCHLlYVEiIQ5UgBNyoxIUTKksXqQmR4zqtVTsJtoNURfkcLvwKF4RAqFe+BDfNgbaMZM/TezMez/NjRqWyrJGxsLi0vLJaWiuvb2xubZs7u00ZJQKTBo5YJNo+koTRkDQUVYy0Y0EQ9xlp+YOrsd56JkLSKHxQw5i4HPVCGlCMlKY88zJ1BIf3N3cZdCTl+noSKnUQi/sITtLj8ZRW9/IWpoeKLPPMilW18oDzwC5ABRRR98wPpxvhhJNQYf2G7NhWrNwUCUUxI1nZSSSJER6gHuloGCJOpJvmi2bwUDNdGERCn1DBnP3bkSIu5ZD7upIj1Zez2pj8T+skKrhwUxrGiSIhngwKEgZVBMeuwS4VBCs21ABhQfVfIe4jgbDS3pa1CfbsyvOgeVK1rap9e1qpnRV2lMA+OABHwAbnoAauQR00AAYv4A18gi/j1Xg3vo3RpHTBKHr2wFQYP7+U5Kbm</latexit>
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<latexit sha1_base64="usIkjgfomS64VkPQ/lD9sHhDO34="></latexit><latexit sha1_base64="usIkjgfomS64VkPQ/lD9sHhDO34="></latexit><latexit sha1_base64="usIkjgfomS64VkPQ/lD9sHhDO34="></latexit><latexit sha1_base64="usIkjgfomS64VkPQ/lD9sHhDO34="></latexit>

Power and variance:



Quantum noise

22

A
<latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit><latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit><latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit><latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit>|0 >
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Quantum noise

● Use Heisenberg picture

A
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ay
<latexit sha1_base64="JZU3vu3+FSSy0U8DwJzBNhecoeQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF48V7Ie0S8mm2TY0yS5JVliW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gkntzO/88S04bF6sFnCAklGikecEuukRzLI+1ribDqo1ry6NwdeJX5BalCgOah+9YcxTSVTlgpiTM/3EhvkRFtOBZtW+qlhCaETMmI9RxWRzAT5/OApPnPKEEexdqUsnqu/J3Iijclk6DolsWOz7M3E/7xeaqObIOcqSS1TdLEoSgW2MZ59j4dcM2pF5gihmrtbMR0TTah1GVVcCP7yy6ukfVH3vbp/f1lrXBVxlOEETuEcfLiGBtxBE1pAQcIzvMIb0ugFvaOPRWsJFTPH8Afo8wfCtpBU</latexit><latexit sha1_base64="JZU3vu3+FSSy0U8DwJzBNhecoeQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF48V7Ie0S8mm2TY0yS5JVliW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gkntzO/88S04bF6sFnCAklGikecEuukRzLI+1ribDqo1ry6NwdeJX5BalCgOah+9YcxTSVTlgpiTM/3EhvkRFtOBZtW+qlhCaETMmI9RxWRzAT5/OApPnPKEEexdqUsnqu/J3Iijclk6DolsWOz7M3E/7xeaqObIOcqSS1TdLEoSgW2MZ59j4dcM2pF5gihmrtbMR0TTah1GVVcCP7yy6ukfVH3vbp/f1lrXBVxlOEETuEcfLiGBtxBE1pAQcIzvMIb0ugFvaOPRWsJFTPH8Afo8wfCtpBU</latexit><latexit sha1_base64="JZU3vu3+FSSy0U8DwJzBNhecoeQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF48V7Ie0S8mm2TY0yS5JVliW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gkntzO/88S04bF6sFnCAklGikecEuukRzLI+1ribDqo1ry6NwdeJX5BalCgOah+9YcxTSVTlgpiTM/3EhvkRFtOBZtW+qlhCaETMmI9RxWRzAT5/OApPnPKEEexdqUsnqu/J3Iijclk6DolsWOz7M3E/7xeaqObIOcqSS1TdLEoSgW2MZ59j4dcM2pF5gihmrtbMR0TTah1GVVcCP7yy6ukfVH3vbp/f1lrXBVxlOEETuEcfLiGBtxBE1pAQcIzvMIb0ugFvaOPRWsJFTPH8Afo8wfCtpBU</latexit><latexit sha1_base64="JZU3vu3+FSSy0U8DwJzBNhecoeQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF48V7Ie0S8mm2TY0yS5JVliW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gkntzO/88S04bF6sFnCAklGikecEuukRzLI+1ribDqo1ry6NwdeJX5BalCgOah+9YcxTSVTlgpiTM/3EhvkRFtOBZtW+qlhCaETMmI9RxWRzAT5/OApPnPKEEexdqUsnqu/J3Iijclk6DolsWOz7M3E/7xeaqObIOcqSS1TdLEoSgW2MZ59j4dcM2pF5gihmrtbMR0TTah1GVVcCP7yy6ukfVH3vbp/f1lrXBVxlOEETuEcfLiGBtxBE1pAQcIzvMIb0ugFvaOPRWsJFTPH8Afo8wfCtpBU</latexit>

ax
<latexit sha1_base64="GNwMC7Bm/I9PCW0T8Kg/vuUER14=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgYxnBJEpyhL3NJFmyu3fs7onhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLK6tr6RnGztLW9s7tX3j9omjjVDBssFrG+j6hBwRU2LLcC7xONVEYCW9Hoeuq3HlEbHqs7O04wlHSgeJ8zap30QLtZR0vyNOmWK37Vn4EskyAnFchR75a/Or2YpRKVZYIa0w78xIYZ1ZYzgZNSJzWYUDaiA2w7qqhEE2azgyfkxCk90o+1K2XJTP09kVFpzFhGrlNSOzSL3lT8z2untn8VZlwlqUXF5ov6qSA2JtPvSY9rZFaMHaFMc3crYUOqKbMuo5ILIVh8eZk0z6qBXw1uzyu1izyOIhzBMZxCAJdQgxuoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz/BMZBT</latexit><latexit sha1_base64="GNwMC7Bm/I9PCW0T8Kg/vuUER14=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgYxnBJEpyhL3NJFmyu3fs7onhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLK6tr6RnGztLW9s7tX3j9omjjVDBssFrG+j6hBwRU2LLcC7xONVEYCW9Hoeuq3HlEbHqs7O04wlHSgeJ8zap30QLtZR0vyNOmWK37Vn4EskyAnFchR75a/Or2YpRKVZYIa0w78xIYZ1ZYzgZNSJzWYUDaiA2w7qqhEE2azgyfkxCk90o+1K2XJTP09kVFpzFhGrlNSOzSL3lT8z2untn8VZlwlqUXF5ov6qSA2JtPvSY9rZFaMHaFMc3crYUOqKbMuo5ILIVh8eZk0z6qBXw1uzyu1izyOIhzBMZxCAJdQgxuoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz/BMZBT</latexit><latexit sha1_base64="GNwMC7Bm/I9PCW0T8Kg/vuUER14=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgYxnBJEpyhL3NJFmyu3fs7onhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLK6tr6RnGztLW9s7tX3j9omjjVDBssFrG+j6hBwRU2LLcC7xONVEYCW9Hoeuq3HlEbHqs7O04wlHSgeJ8zap30QLtZR0vyNOmWK37Vn4EskyAnFchR75a/Or2YpRKVZYIa0w78xIYZ1ZYzgZNSJzWYUDaiA2w7qqhEE2azgyfkxCk90o+1K2XJTP09kVFpzFhGrlNSOzSL3lT8z2untn8VZlwlqUXF5ov6qSA2JtPvSY9rZFaMHaFMc3crYUOqKbMuo5ILIVh8eZk0z6qBXw1uzyu1izyOIhzBMZxCAJdQgxuoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz/BMZBT</latexit><latexit sha1_base64="GNwMC7Bm/I9PCW0T8Kg/vuUER14=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgYxnBJEpyhL3NJFmyu3fs7onhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLK6tr6RnGztLW9s7tX3j9omjjVDBssFrG+j6hBwRU2LLcC7xONVEYCW9Hoeuq3HlEbHqs7O04wlHSgeJ8zap30QLtZR0vyNOmWK37Vn4EskyAnFchR75a/Or2YpRKVZYIa0w78xIYZ1ZYzgZNSJzWYUDaiA2w7qqhEE2azgyfkxCk90o+1K2XJTP09kVFpzFhGrlNSOzSL3lT8z2untn8VZlwlqUXF5ov6qSA2JtPvSY9rZFaMHaFMc3crYUOqKbMuo5ILIVh8eZk0z6qBXw1uzyu1izyOIhzBMZxCAJdQgxuoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz/BMZBT</latexit>

aas
<latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit><latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit><latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit><latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit>

iALO
<latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="6EB82qn4hdcPX+CfC4Y9oqg1Qgo=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnSpuHEhWME+YDqUTJppQ5PJkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nzqSw6PvfXmljc2t7p7xb2avuHxzWjqptq3PDeItpqU03ppZLkfIWCpS8mxlOVSx5Jx7fzvLOMzdW6PQJJxmPFB2mIhGMorNCcdMvekaR+4dpv1b3G/5cZB2CJdRhqWa/9tUbaJYrniKT1Now8DOMCmpQMMmnlV5ueUbZmA556DClituomI88JWfOGZBEG3dSJHP394uCKmsnKnY3FcWRXc1m5n9ZmGNyFRUizXLkKVt8lOSSoCaz/clAGM5QThxQZoSblbARNZSha6niSghWV16H9kUj8BvBow9lOIFTOIcALuEa7qAJLWCg4QXe4N1D79X7WNRV8pa9HcMfeZ8/etqPgg==</latexit><latexit sha1_base64="6EB82qn4hdcPX+CfC4Y9oqg1Qgo=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnSpuHEhWME+YDqUTJppQ5PJkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nzqSw6PvfXmljc2t7p7xb2avuHxzWjqptq3PDeItpqU03ppZLkfIWCpS8mxlOVSx5Jx7fzvLOMzdW6PQJJxmPFB2mIhGMorNCcdMvekaR+4dpv1b3G/5cZB2CJdRhqWa/9tUbaJYrniKT1Now8DOMCmpQMMmnlV5ueUbZmA556DClituomI88JWfOGZBEG3dSJHP394uCKmsnKnY3FcWRXc1m5n9ZmGNyFRUizXLkKVt8lOSSoCaz/clAGM5QThxQZoSblbARNZSha6niSghWV16H9kUj8BvBow9lOIFTOIcALuEa7qAJLWCg4QXe4N1D79X7WNRV8pa9HcMfeZ8/etqPgg==</latexit><latexit sha1_base64="f+t9dLTteHNaf7YZ1y1TN20/QFw=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4s1DJiYyEYwZjA5Qh7m71kyX4cu3tCOPIzbCwUsfXX2Plv3CRXaOKDgcd7M8zMi1POjPX9b6+0srq2vlHerGxt7+zuVfcPHo3KNKEtorjSnRgbypmkLcssp51UUyxiTtvx6Hrqt5+oNkzJBztOaSTwQLKEEWydFLKrXt7VAt3eTXrVml/3Z0DLJChIDQo0e9Wvbl+RTFBpCcfGhIGf2ijH2jLC6aTSzQxNMRnhAQ0dlVhQE+WzkyfoxCl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/88LMJpdRzmSaWSrJfFGScWQVmv6P+kxTYvnYEUw0c7ciMsQaE+tSqrgQgsWXl8njWT3w68G9X2ucF3GU4QiO4RQCuIAG3EATWkBAwTO8wptnvRfv3fuYt5a8YuYQ/sD7/AGzmZDP</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit>

E(t) = E1(t) sin(!0t) + E2(t) cos(!0t)
<latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit><latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit><latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit><latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit>

E(t) = a(t)e�i!t + h.c.
<latexit sha1_base64="dI5JWVjf2mVYjhnx60f0pDu59BA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUGIiMOMiHoRAiJ4jGAWSGLo6VSSJj0L3TVCGHL14q948aCIV//Am39jZzlo4oOiHu9V0V3Pj6XQ6LrfVmZhcWl5JbuaW1vf2Nyyt3cqOkoUhzKPZKRqPtMgRQhlFCihFitggS+h6vevRn71AZQWUXiHgxiaAeuGoiM4QyO1bHpdwEN6SZlpcJ8ei0YUQJdRHNIj2nO407LzruOOQeeJNyV5MkWpZX812hFPAgiRS6Z13XNjbKZMoeAShrlGoiFmvM+6UDc0ZAHoZjq+ZEgPjNKmnUiZCpGO1d8bKQu0HgS+mQwY9vSsNxL/8+oJdi6aqQjjBCHkk4c6iaQY0VEstC0UcJQDQxhXwvyV8h5TjKMJL2dC8GZPnieVE8dzHe/2NF88m8aRJXtknxSIR85JkdyQEikTTh7JM3klb9aT9WK9Wx+T0Yw13dklf2B9/gAnLZdo</latexit><latexit sha1_base64="dI5JWVjf2mVYjhnx60f0pDu59BA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUGIiMOMiHoRAiJ4jGAWSGLo6VSSJj0L3TVCGHL14q948aCIV//Am39jZzlo4oOiHu9V0V3Pj6XQ6LrfVmZhcWl5JbuaW1vf2Nyyt3cqOkoUhzKPZKRqPtMgRQhlFCihFitggS+h6vevRn71AZQWUXiHgxiaAeuGoiM4QyO1bHpdwEN6SZlpcJ8ei0YUQJdRHNIj2nO407LzruOOQeeJNyV5MkWpZX812hFPAgiRS6Z13XNjbKZMoeAShrlGoiFmvM+6UDc0ZAHoZjq+ZEgPjNKmnUiZCpGO1d8bKQu0HgS+mQwY9vSsNxL/8+oJdi6aqQjjBCHkk4c6iaQY0VEstC0UcJQDQxhXwvyV8h5TjKMJL2dC8GZPnieVE8dzHe/2NF88m8aRJXtknxSIR85JkdyQEikTTh7JM3klb9aT9WK9Wx+T0Yw13dklf2B9/gAnLZdo</latexit><latexit sha1_base64="dI5JWVjf2mVYjhnx60f0pDu59BA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUGIiMOMiHoRAiJ4jGAWSGLo6VSSJj0L3TVCGHL14q948aCIV//Am39jZzlo4oOiHu9V0V3Pj6XQ6LrfVmZhcWl5JbuaW1vf2Nyyt3cqOkoUhzKPZKRqPtMgRQhlFCihFitggS+h6vevRn71AZQWUXiHgxiaAeuGoiM4QyO1bHpdwEN6SZlpcJ8ei0YUQJdRHNIj2nO407LzruOOQeeJNyV5MkWpZX812hFPAgiRS6Z13XNjbKZMoeAShrlGoiFmvM+6UDc0ZAHoZjq+ZEgPjNKmnUiZCpGO1d8bKQu0HgS+mQwY9vSsNxL/8+oJdi6aqQjjBCHkk4c6iaQY0VEstC0UcJQDQxhXwvyV8h5TjKMJL2dC8GZPnieVE8dzHe/2NF88m8aRJXtknxSIR85JkdyQEikTTh7JM3klb9aT9WK9Wx+T0Yw13dklf2B9/gAnLZdo</latexit><latexit sha1_base64="dI5JWVjf2mVYjhnx60f0pDu59BA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUGIiMOMiHoRAiJ4jGAWSGLo6VSSJj0L3TVCGHL14q948aCIV//Am39jZzlo4oOiHu9V0V3Pj6XQ6LrfVmZhcWl5JbuaW1vf2Nyyt3cqOkoUhzKPZKRqPtMgRQhlFCihFitggS+h6vevRn71AZQWUXiHgxiaAeuGoiM4QyO1bHpdwEN6SZlpcJ8ei0YUQJdRHNIj2nO407LzruOOQeeJNyV5MkWpZX812hFPAgiRS6Z13XNjbKZMoeAShrlGoiFmvM+6UDc0ZAHoZjq+ZEgPjNKmnUiZCpGO1d8bKQu0HgS+mQwY9vSsNxL/8+oJdi6aqQjjBCHkk4c6iaQY0VEstC0UcJQDQxhXwvyV8h5TjKMJL2dC8GZPnieVE8dzHe/2NF88m8aRJXtknxSIR85JkdyQEikTTh7JM3klb9aT9WK9Wx+T0Yw13dklf2B9/gAnLZdo</latexit>

Replace quantum 
operators with tiny 
classical fields

E1 is the phase quadrature
E2 is the amplitude quadrature iE1 = a� a+

<latexit sha1_base64="c/seElgPddNNAAC+n9F7T/Siy5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXRL0IARE8RjAPSDahdzKbDJl9MDOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b31ZuaXlldS2/XtjY3NreKe7u1VWUSMpqNBKRbHqomOAhq2muBWvGkmHgCdbwhjcTv/HIpOJR+KBHMXMD7Ifc5xS1kTr8tuuQa4LklGDnpFss2WV7CrJInIyUIEO1W/xq9yKaBCzUVKBSLceOtZui1JwKNi60E8VipEPss5ahIQZMuen06jE5MkqP+JE0FWoyVX9PpBgoNQo80xmgHqh5byL+57US7V+5KQ/jRLOQzhb5iSA6IpMISI9LRrUYGYJUcnMroQOUSLUJqmBCcOZfXiT1s7Jjl53781LlIosjDwdwCMfgwCVU4A6qUAMKEp7hFd6sJ+vFerc+Zq05K5vZhz+wPn8AXzSQbQ==</latexit><latexit sha1_base64="c/seElgPddNNAAC+n9F7T/Siy5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXRL0IARE8RjAPSDahdzKbDJl9MDOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b31ZuaXlldS2/XtjY3NreKe7u1VWUSMpqNBKRbHqomOAhq2muBWvGkmHgCdbwhjcTv/HIpOJR+KBHMXMD7Ifc5xS1kTr8tuuQa4LklGDnpFss2WV7CrJInIyUIEO1W/xq9yKaBCzUVKBSLceOtZui1JwKNi60E8VipEPss5ahIQZMuen06jE5MkqP+JE0FWoyVX9PpBgoNQo80xmgHqh5byL+57US7V+5KQ/jRLOQzhb5iSA6IpMISI9LRrUYGYJUcnMroQOUSLUJqmBCcOZfXiT1s7Jjl53781LlIosjDwdwCMfgwCVU4A6qUAMKEp7hFd6sJ+vFerc+Zq05K5vZhz+wPn8AXzSQbQ==</latexit><latexit sha1_base64="c/seElgPddNNAAC+n9F7T/Siy5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXRL0IARE8RjAPSDahdzKbDJl9MDOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b31ZuaXlldS2/XtjY3NreKe7u1VWUSMpqNBKRbHqomOAhq2muBWvGkmHgCdbwhjcTv/HIpOJR+KBHMXMD7Ifc5xS1kTr8tuuQa4LklGDnpFss2WV7CrJInIyUIEO1W/xq9yKaBCzUVKBSLceOtZui1JwKNi60E8VipEPss5ahIQZMuen06jE5MkqP+JE0FWoyVX9PpBgoNQo80xmgHqh5byL+57US7V+5KQ/jRLOQzhb5iSA6IpMISI9LRrUYGYJUcnMroQOUSLUJqmBCcOZfXiT1s7Jjl53781LlIosjDwdwCMfgwCVU4A6qUAMKEp7hFd6sJ+vFerc+Zq05K5vZhz+wPn8AXzSQbQ==</latexit><latexit sha1_base64="c/seElgPddNNAAC+n9F7T/Siy5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXRL0IARE8RjAPSDahdzKbDJl9MDOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b31ZuaXlldS2/XtjY3NreKe7u1VWUSMpqNBKRbHqomOAhq2muBWvGkmHgCdbwhjcTv/HIpOJR+KBHMXMD7Ifc5xS1kTr8tuuQa4LklGDnpFss2WV7CrJInIyUIEO1W/xq9yKaBCzUVKBSLceOtZui1JwKNi60E8VipEPss5ahIQZMuen06jE5MkqP+JE0FWoyVX9PpBgoNQo80xmgHqh5byL+57US7V+5KQ/jRLOQzhb5iSA6IpMISI9LRrUYGYJUcnMroQOUSLUJqmBCcOZfXiT1s7Jjl53781LlIosjDwdwCMfgwCVU4A6qUAMKEp7hFd6sJ+vFerc+Zq05K5vZhz+wPn8AXzSQbQ==</latexit>

E2 = a+ a+
<latexit sha1_base64="IIUYV7xk1+5h4f52AUp6kvW+lFk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBCEQNgNol6EgAgeI5gHJGvoncwmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mLBlbbtb2tldW19YzO3ld/e2d3bLxwcNlSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0hjdTvzliUvEofNDjmLkB9kPuc4raSO5tt0KuCZISwcdSt1C0y/YMZJk4GSlChlq38NXpRTQJWKipQKXajh1rN0WpORVsku8kisVIh9hnbUNDDJhy09nRE3JqlB7xI2kq1GSm/p5IMVBqHHimM0A9UIveVPzPayfav3JTHsaJZiGdL/ITQXREpgmQHpeMajE2BKnk5lZCByiRapNT3oTgLL68TBqVsmOXnfvzYvUiiyMHx3ACZ+DAJVThDmpQBwpP8Ayv8GaNrBfr3fqYt65Y2cwR/IH1+QOULo/5</latexit><latexit sha1_base64="IIUYV7xk1+5h4f52AUp6kvW+lFk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBCEQNgNol6EgAgeI5gHJGvoncwmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mLBlbbtb2tldW19YzO3ld/e2d3bLxwcNlSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0hjdTvzliUvEofNDjmLkB9kPuc4raSO5tt0KuCZISwcdSt1C0y/YMZJk4GSlChlq38NXpRTQJWKipQKXajh1rN0WpORVsku8kisVIh9hnbUNDDJhy09nRE3JqlB7xI2kq1GSm/p5IMVBqHHimM0A9UIveVPzPayfav3JTHsaJZiGdL/ITQXREpgmQHpeMajE2BKnk5lZCByiRapNT3oTgLL68TBqVsmOXnfvzYvUiiyMHx3ACZ+DAJVThDmpQBwpP8Ayv8GaNrBfr3fqYt65Y2cwR/IH1+QOULo/5</latexit><latexit sha1_base64="IIUYV7xk1+5h4f52AUp6kvW+lFk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBCEQNgNol6EgAgeI5gHJGvoncwmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mLBlbbtb2tldW19YzO3ld/e2d3bLxwcNlSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0hjdTvzliUvEofNDjmLkB9kPuc4raSO5tt0KuCZISwcdSt1C0y/YMZJk4GSlChlq38NXpRTQJWKipQKXajh1rN0WpORVsku8kisVIh9hnbUNDDJhy09nRE3JqlB7xI2kq1GSm/p5IMVBqHHimM0A9UIveVPzPayfav3JTHsaJZiGdL/ITQXREpgmQHpeMajE2BKnk5lZCByiRapNT3oTgLL68TBqVsmOXnfvzYvUiiyMHx3ACZ+DAJVThDmpQBwpP8Ayv8GaNrBfr3fqYt65Y2cwR/IH1+QOULo/5</latexit><latexit sha1_base64="IIUYV7xk1+5h4f52AUp6kvW+lFk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBCEQNgNol6EgAgeI5gHJGvoncwmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mLBlbbtb2tldW19YzO3ld/e2d3bLxwcNlSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0hjdTvzliUvEofNDjmLkB9kPuc4raSO5tt0KuCZISwcdSt1C0y/YMZJk4GSlChlq38NXpRTQJWKipQKXajh1rN0WpORVsku8kisVIh9hnbUNDDJhy09nRE3JqlB7xI2kq1GSm/p5IMVBqHHimM0A9UIveVPzPayfav3JTHsaJZiGdL/ITQXREpgmQHpeMajE2BKnk5lZCByiRapNT3oTgLL68TBqVsmOXnfvzYvUiiyMHx3ACZ+DAJVThDmpQBwpP8Ayv8GaNrBfr3fqYt65Y2cwR/IH1+QOULo/5</latexit>



Quantum noise

● Use Heisenberg picture

A
<latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit><latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit><latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit><latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit>

ain
<latexit sha1_base64="gmt25b2FyMEMeYch2iydrQ/yv5U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic90l7W1ZJwNe2VK37Vn4OskiAnFchR75W/uv2YpRKVZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4qqhEE2bzi6fkzCl9Moi1K2XJXP09kVFpzERGrlNSOzLL3kz8z+ukdnATZlwlqUXFFosGqSA2JrP3SZ9rZFZMHKFMc3crYSOqKbMupJILIVh+eZU0L6qBXw3uLyu1qzyOIpzAKZxDANdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx94nz95jpC8</latexit><latexit sha1_base64="gmt25b2FyMEMeYch2iydrQ/yv5U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic90l7W1ZJwNe2VK37Vn4OskiAnFchR75W/uv2YpRKVZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4qqhEE2bzi6fkzCl9Moi1K2XJXP09kVFpzERGrlNSOzLL3kz8z+ukdnATZlwlqUXFFosGqSA2JrP3SZ9rZFZMHKFMc3crYSOqKbMupJILIVh+eZU0L6qBXw3uLyu1qzyOIpzAKZxDANdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx94nz95jpC8</latexit><latexit sha1_base64="gmt25b2FyMEMeYch2iydrQ/yv5U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic90l7W1ZJwNe2VK37Vn4OskiAnFchR75W/uv2YpRKVZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4qqhEE2bzi6fkzCl9Moi1K2XJXP09kVFpzERGrlNSOzLL3kz8z+ukdnATZlwlqUXFFosGqSA2JrP3SZ9rZFZMHKFMc3crYSOqKbMupJILIVh+eZU0L6qBXw3uLyu1qzyOIpzAKZxDANdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx94nz95jpC8</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QsysxX5auMVGxOM6SNuCEhwtH/A=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/YDiWT3mlDk8yQZIQy9F+4caGIP8md/8b0sdDWA4GPcxJy74kzKayj9DsobW3v7O6V9ysH1cOj49pJtW3T3HBs8VSmphszi1JobDnhJHYzg0zFEjvx5G6ed57RWJHqRzfNMFJspEUiOHPeemKDom8UEXo2qNVpgy5ENiFcQR1Wag5qX/1hynOF2nHJrO2FNHNRwYwTXOKs0s8tZoxP2Ah7HjVTaKNiMfGMXHhnSJLU+KMdWbi/XxRMWTtVsb+pmBvb9Wxu/pf1cpfcRIXQWe5Q8+VHSS6JS8l8fTIUBrmTUw+MG+FnJXzMDOPOl1TxJYTrK29C+6oR0kb4QKEMZ3AOlxDCNdzCPTShBRw0vMAbvAc2eA0+lnWVglVvp/BHwecPQF6PbA==</latexit><latexit sha1_base64="QsysxX5auMVGxOM6SNuCEhwtH/A=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiuCoZN7oU3LisYB/YDiWT3mlDk8yQZIQy9F+4caGIP8md/8b0sdDWA4GPcxJy74kzKayj9DsobW3v7O6V9ysH1cOj49pJtW3T3HBs8VSmphszi1JobDnhJHYzg0zFEjvx5G6ed57RWJHqRzfNMFJspEUiOHPeemKDom8UEXo2qNVpgy5ENiFcQR1Wag5qX/1hynOF2nHJrO2FNHNRwYwTXOKs0s8tZoxP2Ah7HjVTaKNiMfGMXHhnSJLU+KMdWbi/XxRMWTtVsb+pmBvb9Wxu/pf1cpfcRIXQWe5Q8+VHSS6JS8l8fTIUBrmTUw+MG+FnJXzMDOPOl1TxJYTrK29C+6oR0kb4QKEMZ3AOlxDCNdzCPTShBRw0vMAbvAc2eA0+lnWVglVvp/BHwecPQF6PbA==</latexit><latexit sha1_base64="XjGDordZZUx8vfrTgtYF9EaPj4M=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4s1DJgYxnBJGJyhLnNXrJkd+/Y3RPCkX9hY6GIrf/Gzn/jJrlCEx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCT6IULDBFesZbkV7CHVDGUkWCca38z8zhPThifq3k5SFkocKh5zitZJj9jPe1oSrqb9as2v+3OQVRIUpAYFmv3qV2+Q0EwyZalAY7qBn9owR205FWxa6WWGpUjHOGRdRxVKZsJ8fvGUnDllQOJEu1KWzNXfEzlKYyYycp0S7cgsezPxP6+b2fg6zLlKM8sUXSyKM0FsQmbvkwHXjFoxcQSp5u5WQkeokVoXUsWFECy/vEraF/XArwd3fq1xWcRRhhM4hXMI4AoacAtNaAEFBc/wCm+e8V68d+9j0Vryiplj+APv8wd4TpC4</latexit><latexit sha1_base64="gmt25b2FyMEMeYch2iydrQ/yv5U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic90l7W1ZJwNe2VK37Vn4OskiAnFchR75W/uv2YpRKVZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4qqhEE2bzi6fkzCl9Moi1K2XJXP09kVFpzERGrlNSOzLL3kz8z+ukdnATZlwlqUXFFosGqSA2JrP3SZ9rZFZMHKFMc3crYSOqKbMupJILIVh+eZU0L6qBXw3uLyu1qzyOIpzAKZxDANdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx94nz95jpC8</latexit><latexit sha1_base64="gmt25b2FyMEMeYch2iydrQ/yv5U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic90l7W1ZJwNe2VK37Vn4OskiAnFchR75W/uv2YpRKVZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4qqhEE2bzi6fkzCl9Moi1K2XJXP09kVFpzERGrlNSOzLL3kz8z+ukdnATZlwlqUXFFosGqSA2JrP3SZ9rZFZMHKFMc3crYSOqKbMupJILIVh+eZU0L6qBXw3uLyu1qzyOIpzAKZxDANdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx94nz95jpC8</latexit><latexit sha1_base64="gmt25b2FyMEMeYch2iydrQ/yv5U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic90l7W1ZJwNe2VK37Vn4OskiAnFchR75W/uv2YpRKVZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4qqhEE2bzi6fkzCl9Moi1K2XJXP09kVFpzERGrlNSOzLL3kz8z+ukdnATZlwlqUXFFosGqSA2JrP3SZ9rZFZMHKFMc3crYSOqKbMupJILIVh+eZU0L6qBXw3uLyu1qzyOIpzAKZxDANdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx94nz95jpC8</latexit><latexit sha1_base64="gmt25b2FyMEMeYch2iydrQ/yv5U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic90l7W1ZJwNe2VK37Vn4OskiAnFchR75W/uv2YpRKVZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4qqhEE2bzi6fkzCl9Moi1K2XJXP09kVFpzERGrlNSOzLL3kz8z+ukdnATZlwlqUXFFosGqSA2JrP3SZ9rZFZMHKFMc3crYSOqKbMupJILIVh+eZU0L6qBXw3uLyu1qzyOIpzAKZxDANdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx94nz95jpC8</latexit><latexit sha1_base64="gmt25b2FyMEMeYch2iydrQ/yv5U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic90l7W1ZJwNe2VK37Vn4OskiAnFchR75W/uv2YpRKVZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4qqhEE2bzi6fkzCl9Moi1K2XJXP09kVFpzERGrlNSOzLL3kz8z+ukdnATZlwlqUXFFosGqSA2JrP3SZ9rZFZMHKFMc3crYSOqKbMupJILIVh+eZU0L6qBXw3uLyu1qzyOIpzAKZxDANdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx94nz95jpC8</latexit><latexit sha1_base64="gmt25b2FyMEMeYch2iydrQ/yv5U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic90l7W1ZJwNe2VK37Vn4OskiAnFchR75W/uv2YpRKVZYIa0wn8xIYZ1ZYzgdNSNzWYUDamQ+w4qqhEE2bzi6fkzCl9Moi1K2XJXP09kVFpzERGrlNSOzLL3kz8z+ukdnATZlwlqUXFFosGqSA2JrP3SZ9rZFZMHKFMc3crYSOqKbMupJILIVh+eZU0L6qBXw3uLyu1qzyOIpzAKZxDANdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx94nz95jpC8</latexit>

ay
<latexit sha1_base64="JZU3vu3+FSSy0U8DwJzBNhecoeQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF48V7Ie0S8mm2TY0yS5JVliW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gkntzO/88S04bF6sFnCAklGikecEuukRzLI+1ribDqo1ry6NwdeJX5BalCgOah+9YcxTSVTlgpiTM/3EhvkRFtOBZtW+qlhCaETMmI9RxWRzAT5/OApPnPKEEexdqUsnqu/J3Iijclk6DolsWOz7M3E/7xeaqObIOcqSS1TdLEoSgW2MZ59j4dcM2pF5gihmrtbMR0TTah1GVVcCP7yy6ukfVH3vbp/f1lrXBVxlOEETuEcfLiGBtxBE1pAQcIzvMIb0ugFvaOPRWsJFTPH8Afo8wfCtpBU</latexit><latexit sha1_base64="JZU3vu3+FSSy0U8DwJzBNhecoeQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF48V7Ie0S8mm2TY0yS5JVliW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gkntzO/88S04bF6sFnCAklGikecEuukRzLI+1ribDqo1ry6NwdeJX5BalCgOah+9YcxTSVTlgpiTM/3EhvkRFtOBZtW+qlhCaETMmI9RxWRzAT5/OApPnPKEEexdqUsnqu/J3Iijclk6DolsWOz7M3E/7xeaqObIOcqSS1TdLEoSgW2MZ59j4dcM2pF5gihmrtbMR0TTah1GVVcCP7yy6ukfVH3vbp/f1lrXBVxlOEETuEcfLiGBtxBE1pAQcIzvMIb0ugFvaOPRWsJFTPH8Afo8wfCtpBU</latexit><latexit sha1_base64="JZU3vu3+FSSy0U8DwJzBNhecoeQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF48V7Ie0S8mm2TY0yS5JVliW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gkntzO/88S04bF6sFnCAklGikecEuukRzLI+1ribDqo1ry6NwdeJX5BalCgOah+9YcxTSVTlgpiTM/3EhvkRFtOBZtW+qlhCaETMmI9RxWRzAT5/OApPnPKEEexdqUsnqu/J3Iijclk6DolsWOz7M3E/7xeaqObIOcqSS1TdLEoSgW2MZ59j4dcM2pF5gihmrtbMR0TTah1GVVcCP7yy6ukfVH3vbp/f1lrXBVxlOEETuEcfLiGBtxBE1pAQcIzvMIb0ugFvaOPRWsJFTPH8Afo8wfCtpBU</latexit><latexit sha1_base64="JZU3vu3+FSSy0U8DwJzBNhecoeQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeCF48V7Ie0S8mm2TY0yS5JVliW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gkntzO/88S04bF6sFnCAklGikecEuukRzLI+1ribDqo1ry6NwdeJX5BalCgOah+9YcxTSVTlgpiTM/3EhvkRFtOBZtW+qlhCaETMmI9RxWRzAT5/OApPnPKEEexdqUsnqu/J3Iijclk6DolsWOz7M3E/7xeaqObIOcqSS1TdLEoSgW2MZ59j4dcM2pF5gihmrtbMR0TTah1GVVcCP7yy6ukfVH3vbp/f1lrXBVxlOEETuEcfLiGBtxBE1pAQcIzvMIb0ugFvaOPRWsJFTPH8Afo8wfCtpBU</latexit>

ax
<latexit sha1_base64="GNwMC7Bm/I9PCW0T8Kg/vuUER14=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgYxnBJEpyhL3NJFmyu3fs7onhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLK6tr6RnGztLW9s7tX3j9omjjVDBssFrG+j6hBwRU2LLcC7xONVEYCW9Hoeuq3HlEbHqs7O04wlHSgeJ8zap30QLtZR0vyNOmWK37Vn4EskyAnFchR75a/Or2YpRKVZYIa0w78xIYZ1ZYzgZNSJzWYUDaiA2w7qqhEE2azgyfkxCk90o+1K2XJTP09kVFpzFhGrlNSOzSL3lT8z2untn8VZlwlqUXF5ov6qSA2JtPvSY9rZFaMHaFMc3crYUOqKbMuo5ILIVh8eZk0z6qBXw1uzyu1izyOIhzBMZxCAJdQgxuoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz/BMZBT</latexit><latexit sha1_base64="GNwMC7Bm/I9PCW0T8Kg/vuUER14=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgYxnBJEpyhL3NJFmyu3fs7onhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLK6tr6RnGztLW9s7tX3j9omjjVDBssFrG+j6hBwRU2LLcC7xONVEYCW9Hoeuq3HlEbHqs7O04wlHSgeJ8zap30QLtZR0vyNOmWK37Vn4EskyAnFchR75a/Or2YpRKVZYIa0w78xIYZ1ZYzgZNSJzWYUDaiA2w7qqhEE2azgyfkxCk90o+1K2XJTP09kVFpzFhGrlNSOzSL3lT8z2untn8VZlwlqUXF5ov6qSA2JtPvSY9rZFaMHaFMc3crYUOqKbMuo5ILIVh8eZk0z6qBXw1uzyu1izyOIhzBMZxCAJdQgxuoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz/BMZBT</latexit><latexit sha1_base64="GNwMC7Bm/I9PCW0T8Kg/vuUER14=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgYxnBJEpyhL3NJFmyu3fs7onhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLK6tr6RnGztLW9s7tX3j9omjjVDBssFrG+j6hBwRU2LLcC7xONVEYCW9Hoeuq3HlEbHqs7O04wlHSgeJ8zap30QLtZR0vyNOmWK37Vn4EskyAnFchR75a/Or2YpRKVZYIa0w78xIYZ1ZYzgZNSJzWYUDaiA2w7qqhEE2azgyfkxCk90o+1K2XJTP09kVFpzFhGrlNSOzSL3lT8z2untn8VZlwlqUXF5ov6qSA2JtPvSY9rZFaMHaFMc3crYUOqKbMuo5ILIVh8eZk0z6qBXw1uzyu1izyOIhzBMZxCAJdQgxuoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz/BMZBT</latexit><latexit sha1_base64="GNwMC7Bm/I9PCW0T8Kg/vuUER14=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgYxnBJEpyhL3NJFmyu3fs7onhyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLK6tr6RnGztLW9s7tX3j9omjjVDBssFrG+j6hBwRU2LLcC7xONVEYCW9Hoeuq3HlEbHqs7O04wlHSgeJ8zap30QLtZR0vyNOmWK37Vn4EskyAnFchR75a/Or2YpRKVZYIa0w78xIYZ1ZYzgZNSJzWYUDaiA2w7qqhEE2azgyfkxCk90o+1K2XJTP09kVFpzFhGrlNSOzSL3lT8z2untn8VZlwlqUXF5ov6qSA2JtPvSY9rZFaMHaFMc3crYUOqKbMuo5ILIVh8eZk0z6qBXw1uzyu1izyOIhzBMZxCAJdQgxuoQwMYSHiGV3jztPfivXsf89aCl88cwh94nz/BMZBT</latexit>

aas
<latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit><latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit><latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit><latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit>

iALO
<latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="6EB82qn4hdcPX+CfC4Y9oqg1Qgo=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnSpuHEhWME+YDqUTJppQ5PJkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nzqSw6PvfXmljc2t7p7xb2avuHxzWjqptq3PDeItpqU03ppZLkfIWCpS8mxlOVSx5Jx7fzvLOMzdW6PQJJxmPFB2mIhGMorNCcdMvekaR+4dpv1b3G/5cZB2CJdRhqWa/9tUbaJYrniKT1Now8DOMCmpQMMmnlV5ueUbZmA556DClituomI88JWfOGZBEG3dSJHP394uCKmsnKnY3FcWRXc1m5n9ZmGNyFRUizXLkKVt8lOSSoCaz/clAGM5QThxQZoSblbARNZSha6niSghWV16H9kUj8BvBow9lOIFTOIcALuEa7qAJLWCg4QXe4N1D79X7WNRV8pa9HcMfeZ8/etqPgg==</latexit><latexit sha1_base64="6EB82qn4hdcPX+CfC4Y9oqg1Qgo=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnSpuHEhWME+YDqUTJppQ5PJkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nzqSw6PvfXmljc2t7p7xb2avuHxzWjqptq3PDeItpqU03ppZLkfIWCpS8mxlOVSx5Jx7fzvLOMzdW6PQJJxmPFB2mIhGMorNCcdMvekaR+4dpv1b3G/5cZB2CJdRhqWa/9tUbaJYrniKT1Now8DOMCmpQMMmnlV5ueUbZmA556DClituomI88JWfOGZBEG3dSJHP394uCKmsnKnY3FcWRXc1m5n9ZmGNyFRUizXLkKVt8lOSSoCaz/clAGM5QThxQZoSblbARNZSha6niSghWV16H9kUj8BvBow9lOIFTOIcALuEa7qAJLWCg4QXe4N1D79X7WNRV8pa9HcMfeZ8/etqPgg==</latexit><latexit sha1_base64="f+t9dLTteHNaf7YZ1y1TN20/QFw=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4s1DJiYyEYwZjA5Qh7m71kyX4cu3tCOPIzbCwUsfXX2Plv3CRXaOKDgcd7M8zMi1POjPX9b6+0srq2vlHerGxt7+zuVfcPHo3KNKEtorjSnRgbypmkLcssp51UUyxiTtvx6Hrqt5+oNkzJBztOaSTwQLKEEWydFLKrXt7VAt3eTXrVml/3Z0DLJChIDQo0e9Wvbl+RTFBpCcfGhIGf2ijH2jLC6aTSzQxNMRnhAQ0dlVhQE+WzkyfoxCl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/88LMJpdRzmSaWSrJfFGScWQVmv6P+kxTYvnYEUw0c7ciMsQaE+tSqrgQgsWXl8njWT3w68G9X2ucF3GU4QiO4RQCuIAG3EATWkBAwTO8wptnvRfv3fuYt5a8YuYQ/sD7/AGzmZDP</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit>

E(t) = E1(t) sin(!0t) + E2(t) cos(!0t)
<latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit><latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit><latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit><latexit sha1_base64="nWLj5kSMMp/intrl4TTPQYa4Lf0=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARKkKZKaLdCAUpuKxgL9ApQyZN29BchiQjlNJXceOruHGhSHfiy5hpu6itBwIf/38OJ+ePYka18bxvJ7OxubW9k93N7e0fHB65xycNLROFSR1LJlUrQpowKkjdUMNIK1YE8YiRZjS8T/3mM1GaSvFkRjHpcNQXtEcxMlYK3XK1YC7hHayGfgqBpqIQSE76KPSgFa6sU5o5WOplJ3TzXtGbFVwHfwF5sKha6E6DrsQJJ8JghrRu+15sOmOkDMWMTHJBokmM8BD1SduiQJzoznh24QReWKULe1LZJwycqcsTY8S1HvHIdnJkBnrVS8X/vHZieuXOmIo4MUTg+aJewqCRMI0Ldqki2LCRBYQVtX+FeIAUwsaGmrMh+Ksnr0OjVPS9ov94na/cLOLIgjNwDgrAB7egAh5ADdQBBi/gDXyAT+fVeXe+nOm8NeMsZk7Bn3J+fgEnJZ8v</latexit>

E(t) = a(t)e�i!t + h.c.
<latexit sha1_base64="dI5JWVjf2mVYjhnx60f0pDu59BA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUGIiMOMiHoRAiJ4jGAWSGLo6VSSJj0L3TVCGHL14q948aCIV//Am39jZzlo4oOiHu9V0V3Pj6XQ6LrfVmZhcWl5JbuaW1vf2Nyyt3cqOkoUhzKPZKRqPtMgRQhlFCihFitggS+h6vevRn71AZQWUXiHgxiaAeuGoiM4QyO1bHpdwEN6SZlpcJ8ei0YUQJdRHNIj2nO407LzruOOQeeJNyV5MkWpZX812hFPAgiRS6Z13XNjbKZMoeAShrlGoiFmvM+6UDc0ZAHoZjq+ZEgPjNKmnUiZCpGO1d8bKQu0HgS+mQwY9vSsNxL/8+oJdi6aqQjjBCHkk4c6iaQY0VEstC0UcJQDQxhXwvyV8h5TjKMJL2dC8GZPnieVE8dzHe/2NF88m8aRJXtknxSIR85JkdyQEikTTh7JM3klb9aT9WK9Wx+T0Yw13dklf2B9/gAnLZdo</latexit><latexit sha1_base64="dI5JWVjf2mVYjhnx60f0pDu59BA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUGIiMOMiHoRAiJ4jGAWSGLo6VSSJj0L3TVCGHL14q948aCIV//Am39jZzlo4oOiHu9V0V3Pj6XQ6LrfVmZhcWl5JbuaW1vf2Nyyt3cqOkoUhzKPZKRqPtMgRQhlFCihFitggS+h6vevRn71AZQWUXiHgxiaAeuGoiM4QyO1bHpdwEN6SZlpcJ8ei0YUQJdRHNIj2nO407LzruOOQeeJNyV5MkWpZX812hFPAgiRS6Z13XNjbKZMoeAShrlGoiFmvM+6UDc0ZAHoZjq+ZEgPjNKmnUiZCpGO1d8bKQu0HgS+mQwY9vSsNxL/8+oJdi6aqQjjBCHkk4c6iaQY0VEstC0UcJQDQxhXwvyV8h5TjKMJL2dC8GZPnieVE8dzHe/2NF88m8aRJXtknxSIR85JkdyQEikTTh7JM3klb9aT9WK9Wx+T0Yw13dklf2B9/gAnLZdo</latexit><latexit sha1_base64="dI5JWVjf2mVYjhnx60f0pDu59BA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUGIiMOMiHoRAiJ4jGAWSGLo6VSSJj0L3TVCGHL14q948aCIV//Am39jZzlo4oOiHu9V0V3Pj6XQ6LrfVmZhcWl5JbuaW1vf2Nyyt3cqOkoUhzKPZKRqPtMgRQhlFCihFitggS+h6vevRn71AZQWUXiHgxiaAeuGoiM4QyO1bHpdwEN6SZlpcJ8ei0YUQJdRHNIj2nO407LzruOOQeeJNyV5MkWpZX812hFPAgiRS6Z13XNjbKZMoeAShrlGoiFmvM+6UDc0ZAHoZjq+ZEgPjNKmnUiZCpGO1d8bKQu0HgS+mQwY9vSsNxL/8+oJdi6aqQjjBCHkk4c6iaQY0VEstC0UcJQDQxhXwvyV8h5TjKMJL2dC8GZPnieVE8dzHe/2NF88m8aRJXtknxSIR85JkdyQEikTTh7JM3klb9aT9WK9Wx+T0Yw13dklf2B9/gAnLZdo</latexit><latexit sha1_base64="dI5JWVjf2mVYjhnx60f0pDu59BA=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUGIiMOMiHoRAiJ4jGAWSGLo6VSSJj0L3TVCGHL14q948aCIV//Am39jZzlo4oOiHu9V0V3Pj6XQ6LrfVmZhcWl5JbuaW1vf2Nyyt3cqOkoUhzKPZKRqPtMgRQhlFCihFitggS+h6vevRn71AZQWUXiHgxiaAeuGoiM4QyO1bHpdwEN6SZlpcJ8ei0YUQJdRHNIj2nO407LzruOOQeeJNyV5MkWpZX812hFPAgiRS6Z13XNjbKZMoeAShrlGoiFmvM+6UDc0ZAHoZjq+ZEgPjNKmnUiZCpGO1d8bKQu0HgS+mQwY9vSsNxL/8+oJdi6aqQjjBCHkk4c6iaQY0VEstC0UcJQDQxhXwvyV8h5TjKMJL2dC8GZPnieVE8dzHe/2NF88m8aRJXtknxSIR85JkdyQEikTTh7JM3klb9aT9WK9Wx+T0Yw13dklf2B9/gAnLZdo</latexit>

Replace quantum 
operators with tiny 
classical fields

E1 is the phase quadrature
E2 is the amplitude quadrature iE1 = a� a+

<latexit sha1_base64="c/seElgPddNNAAC+n9F7T/Siy5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXRL0IARE8RjAPSDahdzKbDJl9MDOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b31ZuaXlldS2/XtjY3NreKe7u1VWUSMpqNBKRbHqomOAhq2muBWvGkmHgCdbwhjcTv/HIpOJR+KBHMXMD7Ifc5xS1kTr8tuuQa4LklGDnpFss2WV7CrJInIyUIEO1W/xq9yKaBCzUVKBSLceOtZui1JwKNi60E8VipEPss5ahIQZMuen06jE5MkqP+JE0FWoyVX9PpBgoNQo80xmgHqh5byL+57US7V+5KQ/jRLOQzhb5iSA6IpMISI9LRrUYGYJUcnMroQOUSLUJqmBCcOZfXiT1s7Jjl53781LlIosjDwdwCMfgwCVU4A6qUAMKEp7hFd6sJ+vFerc+Zq05K5vZhz+wPn8AXzSQbQ==</latexit><latexit sha1_base64="c/seElgPddNNAAC+n9F7T/Siy5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXRL0IARE8RjAPSDahdzKbDJl9MDOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b31ZuaXlldS2/XtjY3NreKe7u1VWUSMpqNBKRbHqomOAhq2muBWvGkmHgCdbwhjcTv/HIpOJR+KBHMXMD7Ifc5xS1kTr8tuuQa4LklGDnpFss2WV7CrJInIyUIEO1W/xq9yKaBCzUVKBSLceOtZui1JwKNi60E8VipEPss5ahIQZMuen06jE5MkqP+JE0FWoyVX9PpBgoNQo80xmgHqh5byL+57US7V+5KQ/jRLOQzhb5iSA6IpMISI9LRrUYGYJUcnMroQOUSLUJqmBCcOZfXiT1s7Jjl53781LlIosjDwdwCMfgwCVU4A6qUAMKEp7hFd6sJ+vFerc+Zq05K5vZhz+wPn8AXzSQbQ==</latexit><latexit sha1_base64="c/seElgPddNNAAC+n9F7T/Siy5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXRL0IARE8RjAPSDahdzKbDJl9MDOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b31ZuaXlldS2/XtjY3NreKe7u1VWUSMpqNBKRbHqomOAhq2muBWvGkmHgCdbwhjcTv/HIpOJR+KBHMXMD7Ifc5xS1kTr8tuuQa4LklGDnpFss2WV7CrJInIyUIEO1W/xq9yKaBCzUVKBSLceOtZui1JwKNi60E8VipEPss5ahIQZMuen06jE5MkqP+JE0FWoyVX9PpBgoNQo80xmgHqh5byL+57US7V+5KQ/jRLOQzhb5iSA6IpMISI9LRrUYGYJUcnMroQOUSLUJqmBCcOZfXiT1s7Jjl53781LlIosjDwdwCMfgwCVU4A6qUAMKEp7hFd6sJ+vFerc+Zq05K5vZhz+wPn8AXzSQbQ==</latexit><latexit sha1_base64="c/seElgPddNNAAC+n9F7T/Siy5E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXRL0IARE8RjAPSDahdzKbDJl9MDOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5cWCK23b31ZuaXlldS2/XtjY3NreKe7u1VWUSMpqNBKRbHqomOAhq2muBWvGkmHgCdbwhjcTv/HIpOJR+KBHMXMD7Ifc5xS1kTr8tuuQa4LklGDnpFss2WV7CrJInIyUIEO1W/xq9yKaBCzUVKBSLceOtZui1JwKNi60E8VipEPss5ahIQZMuen06jE5MkqP+JE0FWoyVX9PpBgoNQo80xmgHqh5byL+57US7V+5KQ/jRLOQzhb5iSA6IpMISI9LRrUYGYJUcnMroQOUSLUJqmBCcOZfXiT1s7Jjl53781LlIosjDwdwCMfgwCVU4A6qUAMKEp7hFd6sJ+vFerc+Zq05K5vZhz+wPn8AXzSQbQ==</latexit>

E2 = a+ a+
<latexit sha1_base64="IIUYV7xk1+5h4f52AUp6kvW+lFk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBCEQNgNol6EgAgeI5gHJGvoncwmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mLBlbbtb2tldW19YzO3ld/e2d3bLxwcNlSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0hjdTvzliUvEofNDjmLkB9kPuc4raSO5tt0KuCZISwcdSt1C0y/YMZJk4GSlChlq38NXpRTQJWKipQKXajh1rN0WpORVsku8kisVIh9hnbUNDDJhy09nRE3JqlB7xI2kq1GSm/p5IMVBqHHimM0A9UIveVPzPayfav3JTHsaJZiGdL/ITQXREpgmQHpeMajE2BKnk5lZCByiRapNT3oTgLL68TBqVsmOXnfvzYvUiiyMHx3ACZ+DAJVThDmpQBwpP8Ayv8GaNrBfr3fqYt65Y2cwR/IH1+QOULo/5</latexit><latexit sha1_base64="IIUYV7xk1+5h4f52AUp6kvW+lFk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBCEQNgNol6EgAgeI5gHJGvoncwmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mLBlbbtb2tldW19YzO3ld/e2d3bLxwcNlSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0hjdTvzliUvEofNDjmLkB9kPuc4raSO5tt0KuCZISwcdSt1C0y/YMZJk4GSlChlq38NXpRTQJWKipQKXajh1rN0WpORVsku8kisVIh9hnbUNDDJhy09nRE3JqlB7xI2kq1GSm/p5IMVBqHHimM0A9UIveVPzPayfav3JTHsaJZiGdL/ITQXREpgmQHpeMajE2BKnk5lZCByiRapNT3oTgLL68TBqVsmOXnfvzYvUiiyMHx3ACZ+DAJVThDmpQBwpP8Ayv8GaNrBfr3fqYt65Y2cwR/IH1+QOULo/5</latexit><latexit sha1_base64="IIUYV7xk1+5h4f52AUp6kvW+lFk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBCEQNgNol6EgAgeI5gHJGvoncwmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mLBlbbtb2tldW19YzO3ld/e2d3bLxwcNlSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0hjdTvzliUvEofNDjmLkB9kPuc4raSO5tt0KuCZISwcdSt1C0y/YMZJk4GSlChlq38NXpRTQJWKipQKXajh1rN0WpORVsku8kisVIh9hnbUNDDJhy09nRE3JqlB7xI2kq1GSm/p5IMVBqHHimM0A9UIveVPzPayfav3JTHsaJZiGdL/ITQXREpgmQHpeMajE2BKnk5lZCByiRapNT3oTgLL68TBqVsmOXnfvzYvUiiyMHx3ACZ+DAJVThDmpQBwpP8Ayv8GaNrBfr3fqYt65Y2cwR/IH1+QOULo/5</latexit><latexit sha1_base64="IIUYV7xk1+5h4f52AUp6kvW+lFk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBCEQNgNol6EgAgeI5gHJGvoncwmQ2YfzswGwpLv8OJBEa9+jDf/xkmyB00saCiquunu8mLBlbbtb2tldW19YzO3ld/e2d3bLxwcNlSUSMrqNBKRbHmomOAhq2uuBWvFkmHgCdb0hjdTvzliUvEofNDjmLkB9kPuc4raSO5tt0KuCZISwcdSt1C0y/YMZJk4GSlChlq38NXpRTQJWKipQKXajh1rN0WpORVsku8kisVIh9hnbUNDDJhy09nRE3JqlB7xI2kq1GSm/p5IMVBqHHimM0A9UIveVPzPayfav3JTHsaJZiGdL/ITQXREpgmQHpeMajE2BKnk5lZCByiRapNT3oTgLL68TBqVsmOXnfvzYvUiiyMHx3ACZ+DAJVThDmpQBwpP8Ayv8GaNrBfr3fqYt65Y2cwR/IH1+QOULo/5</latexit>

P (t) = �iALO(aas(t)� a+
as
(t))

<latexit sha1_base64="3+tnBhgquIxhngE7yOJPQ8ecnCs=">AAACHnicbZDJSgNBEIZ74hbjFvXopTEICZIwI24XIeLFg2AEs0AyDjWdTtKkZ6G7RwjDPIkXX8WLB0UET/o2dpZDTCxo+Pj/Kqrrd0POpDLNHyO1sLi0vJJezaytb2xuZbd3ajKIBKFVEvBANFyQlDOfVhVTnDZCQcFzOa27/auhX3+kQrLAv1eDkNoedH3WYQSUlpzsSSWvCvgCF9mlE7eEh29uE5yHMYNMhm4Rw8PhtFJwsjmzZI4Kz4M1gRyaVMXJfrXaAYk86ivCQcqmZYbKjkEoRjhNMq1I0hBIH7q0qdEHj0o7Hp2X4AOttHEnEPr5Co/U6YkYPCkHnqs7PVA9OesNxf+8ZqQ653bM/DBS1CfjRZ2IYxXgYVa4zQQlig80ABFM/xWTHgggSiea0SFYsyfPQ+2oZJkl6+44Vz6dxJFGe2gf5ZGFzlAZXaMKqiKCntALekPvxrPxanwYn+PWlDGZ2UV/yvj+BcconyY=</latexit><latexit sha1_base64="3+tnBhgquIxhngE7yOJPQ8ecnCs=">AAACHnicbZDJSgNBEIZ74hbjFvXopTEICZIwI24XIeLFg2AEs0AyDjWdTtKkZ6G7RwjDPIkXX8WLB0UET/o2dpZDTCxo+Pj/Kqrrd0POpDLNHyO1sLi0vJJezaytb2xuZbd3ajKIBKFVEvBANFyQlDOfVhVTnDZCQcFzOa27/auhX3+kQrLAv1eDkNoedH3WYQSUlpzsSSWvCvgCF9mlE7eEh29uE5yHMYNMhm4Rw8PhtFJwsjmzZI4Kz4M1gRyaVMXJfrXaAYk86ivCQcqmZYbKjkEoRjhNMq1I0hBIH7q0qdEHj0o7Hp2X4AOttHEnEPr5Co/U6YkYPCkHnqs7PVA9OesNxf+8ZqQ653bM/DBS1CfjRZ2IYxXgYVa4zQQlig80ABFM/xWTHgggSiea0SFYsyfPQ+2oZJkl6+44Vz6dxJFGe2gf5ZGFzlAZXaMKqiKCntALekPvxrPxanwYn+PWlDGZ2UV/yvj+BcconyY=</latexit><latexit sha1_base64="3+tnBhgquIxhngE7yOJPQ8ecnCs=">AAACHnicbZDJSgNBEIZ74hbjFvXopTEICZIwI24XIeLFg2AEs0AyDjWdTtKkZ6G7RwjDPIkXX8WLB0UET/o2dpZDTCxo+Pj/Kqrrd0POpDLNHyO1sLi0vJJezaytb2xuZbd3ajKIBKFVEvBANFyQlDOfVhVTnDZCQcFzOa27/auhX3+kQrLAv1eDkNoedH3WYQSUlpzsSSWvCvgCF9mlE7eEh29uE5yHMYNMhm4Rw8PhtFJwsjmzZI4Kz4M1gRyaVMXJfrXaAYk86ivCQcqmZYbKjkEoRjhNMq1I0hBIH7q0qdEHj0o7Hp2X4AOttHEnEPr5Co/U6YkYPCkHnqs7PVA9OesNxf+8ZqQ653bM/DBS1CfjRZ2IYxXgYVa4zQQlig80ABFM/xWTHgggSiea0SFYsyfPQ+2oZJkl6+44Vz6dxJFGe2gf5ZGFzlAZXaMKqiKCntALekPvxrPxanwYn+PWlDGZ2UV/yvj+BcconyY=</latexit><latexit sha1_base64="3+tnBhgquIxhngE7yOJPQ8ecnCs=">AAACHnicbZDJSgNBEIZ74hbjFvXopTEICZIwI24XIeLFg2AEs0AyDjWdTtKkZ6G7RwjDPIkXX8WLB0UET/o2dpZDTCxo+Pj/Kqrrd0POpDLNHyO1sLi0vJJezaytb2xuZbd3ajKIBKFVEvBANFyQlDOfVhVTnDZCQcFzOa27/auhX3+kQrLAv1eDkNoedH3WYQSUlpzsSSWvCvgCF9mlE7eEh29uE5yHMYNMhm4Rw8PhtFJwsjmzZI4Kz4M1gRyaVMXJfrXaAYk86ivCQcqmZYbKjkEoRjhNMq1I0hBIH7q0qdEHj0o7Hp2X4AOttHEnEPr5Co/U6YkYPCkHnqs7PVA9OesNxf+8ZqQ653bM/DBS1CfjRZ2IYxXgYVa4zQQlig80ABFM/xWTHgggSiea0SFYsyfPQ+2oZJkl6+44Vz6dxJFGe2gf5ZGFzlAZXaMKqiKCntALekPvxrPxanwYn+PWlDGZ2UV/yvj+BcconyY=</latexit>

= ALOEas,1(t)
<latexit sha1_base64="YN91JtpG1N69N3uRLg7Hw0SC8t4=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEClJmRNSNUBHBhWAF+4B2GDJp2oYmmSHJCGUY3Pgrblwo4tavcOffmLaz0NYDFw7n3Mu99wQRo0o7zreVm5tfWFzKLxdWVtfWN+zNrboKY4lJDYcslM0AKcKoIDVNNSPNSBLEA0YaweBy5DceiFQ0FPd6GBGPo56gXYqRNpJv78BzeOEnbcnhzW0Kr/wEqUM3LekD3y46ZWcMOEvcjBRBhqpvf7U7IY45ERozpFTLdSLtJUhqihlJC+1YkQjhAeqRlqECcaK8ZPxCCveN0oHdUJoSGo7V3xMJ4koNeWA6OdJ9Ne2NxP+8Vqy7Z15CRRRrIvBkUTdmUIdwlAfsUEmwZkNDEJbU3ApxH0mEtUmtYEJwp1+eJfWjsuuU3bvjYuUkiyMPdsEeKAEXnIIKuAZVUAMYPIJn8ArerCfrxXq3PiatOSub2QZ/YH3+ADLnlVY=</latexit><latexit sha1_base64="YN91JtpG1N69N3uRLg7Hw0SC8t4=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEClJmRNSNUBHBhWAF+4B2GDJp2oYmmSHJCGUY3Pgrblwo4tavcOffmLaz0NYDFw7n3Mu99wQRo0o7zreVm5tfWFzKLxdWVtfWN+zNrboKY4lJDYcslM0AKcKoIDVNNSPNSBLEA0YaweBy5DceiFQ0FPd6GBGPo56gXYqRNpJv78BzeOEnbcnhzW0Kr/wEqUM3LekD3y46ZWcMOEvcjBRBhqpvf7U7IY45ERozpFTLdSLtJUhqihlJC+1YkQjhAeqRlqECcaK8ZPxCCveN0oHdUJoSGo7V3xMJ4koNeWA6OdJ9Ne2NxP+8Vqy7Z15CRRRrIvBkUTdmUIdwlAfsUEmwZkNDEJbU3ApxH0mEtUmtYEJwp1+eJfWjsuuU3bvjYuUkiyMPdsEeKAEXnIIKuAZVUAMYPIJn8ArerCfrxXq3PiatOSub2QZ/YH3+ADLnlVY=</latexit><latexit sha1_base64="YN91JtpG1N69N3uRLg7Hw0SC8t4=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEClJmRNSNUBHBhWAF+4B2GDJp2oYmmSHJCGUY3Pgrblwo4tavcOffmLaz0NYDFw7n3Mu99wQRo0o7zreVm5tfWFzKLxdWVtfWN+zNrboKY4lJDYcslM0AKcKoIDVNNSPNSBLEA0YaweBy5DceiFQ0FPd6GBGPo56gXYqRNpJv78BzeOEnbcnhzW0Kr/wEqUM3LekD3y46ZWcMOEvcjBRBhqpvf7U7IY45ERozpFTLdSLtJUhqihlJC+1YkQjhAeqRlqECcaK8ZPxCCveN0oHdUJoSGo7V3xMJ4koNeWA6OdJ9Ne2NxP+8Vqy7Z15CRRRrIvBkUTdmUIdwlAfsUEmwZkNDEJbU3ApxH0mEtUmtYEJwp1+eJfWjsuuU3bvjYuUkiyMPdsEeKAEXnIIKuAZVUAMYPIJn8ArerCfrxXq3PiatOSub2QZ/YH3+ADLnlVY=</latexit><latexit sha1_base64="YN91JtpG1N69N3uRLg7Hw0SC8t4=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEClJmRNSNUBHBhWAF+4B2GDJp2oYmmSHJCGUY3Pgrblwo4tavcOffmLaz0NYDFw7n3Mu99wQRo0o7zreVm5tfWFzKLxdWVtfWN+zNrboKY4lJDYcslM0AKcKoIDVNNSPNSBLEA0YaweBy5DceiFQ0FPd6GBGPo56gXYqRNpJv78BzeOEnbcnhzW0Kr/wEqUM3LekD3y46ZWcMOEvcjBRBhqpvf7U7IY45ERozpFTLdSLtJUhqihlJC+1YkQjhAeqRlqECcaK8ZPxCCveN0oHdUJoSGo7V3xMJ4koNeWA6OdJ9Ne2NxP+8Vqy7Z15CRRRrIvBkUTdmUIdwlAfsUEmwZkNDEJbU3ApxH0mEtUmtYEJwp1+eJfWjsuuU3bvjYuUkiyMPdsEeKAEXnIIKuAZVUAMYPIJn8ArerCfrxXq3PiatOSub2QZ/YH3+ADLnlVY=</latexit>

|P (⌦)| =
p
2~!ALO

<latexit sha1_base64="LS+FNkCOM/31vecuhKr4me/UmLA=">AAACF3icbVDLSgMxFM3UV62vUZdugkWom2GmiLoRKm5cCK1gH9ApQyZN29AkMyYZoUz7F278FTcuFHGrO//G9LHQ1gMXDufcy733hDGjSrvut5VZWl5ZXcuu5zY2t7Z37N29mooSiUkVRyySjRApwqggVU01I41YEsRDRuph/2rs1x+IVDQSd3oQkxZHXUE7FCNtpMB2hpWCX+aki46H8AL66l7qtAj9Xogk9KOxMYKXQepLDm/Ko8DOu447AVwk3ozkwQyVwP7y2xFOOBEaM6RU03Nj3UqR1BQzMsr5iSIxwn3UJU1DBeJEtdLJXyN4ZJQ27ETSlNBwov6eSBFXasBD08mR7ql5byz+5zUT3TlvpVTEiSYCTxd1EgZ1BMchwTaVBGs2MARhSc2tEPeQRFibKHMmBG/+5UVSKzqe63i3J/nS6SyOLDgAh6AAPHAGSuAaVEAVYPAInsEreLOerBfr3fqYtmas2cw++APr8wfCLp5i</latexit><latexit sha1_base64="LS+FNkCOM/31vecuhKr4me/UmLA=">AAACF3icbVDLSgMxFM3UV62vUZdugkWom2GmiLoRKm5cCK1gH9ApQyZN29AkMyYZoUz7F278FTcuFHGrO//G9LHQ1gMXDufcy733hDGjSrvut5VZWl5ZXcuu5zY2t7Z37N29mooSiUkVRyySjRApwqggVU01I41YEsRDRuph/2rs1x+IVDQSd3oQkxZHXUE7FCNtpMB2hpWCX+aki46H8AL66l7qtAj9Xogk9KOxMYKXQepLDm/Ko8DOu447AVwk3ozkwQyVwP7y2xFOOBEaM6RU03Nj3UqR1BQzMsr5iSIxwn3UJU1DBeJEtdLJXyN4ZJQ27ETSlNBwov6eSBFXasBD08mR7ql5byz+5zUT3TlvpVTEiSYCTxd1EgZ1BMchwTaVBGs2MARhSc2tEPeQRFibKHMmBG/+5UVSKzqe63i3J/nS6SyOLDgAh6AAPHAGSuAaVEAVYPAInsEreLOerBfr3fqYtmas2cw++APr8wfCLp5i</latexit><latexit sha1_base64="LS+FNkCOM/31vecuhKr4me/UmLA=">AAACF3icbVDLSgMxFM3UV62vUZdugkWom2GmiLoRKm5cCK1gH9ApQyZN29AkMyYZoUz7F278FTcuFHGrO//G9LHQ1gMXDufcy733hDGjSrvut5VZWl5ZXcuu5zY2t7Z37N29mooSiUkVRyySjRApwqggVU01I41YEsRDRuph/2rs1x+IVDQSd3oQkxZHXUE7FCNtpMB2hpWCX+aki46H8AL66l7qtAj9Xogk9KOxMYKXQepLDm/Ko8DOu447AVwk3ozkwQyVwP7y2xFOOBEaM6RU03Nj3UqR1BQzMsr5iSIxwn3UJU1DBeJEtdLJXyN4ZJQ27ETSlNBwov6eSBFXasBD08mR7ql5byz+5zUT3TlvpVTEiSYCTxd1EgZ1BMchwTaVBGs2MARhSc2tEPeQRFibKHMmBG/+5UVSKzqe63i3J/nS6SyOLDgAh6AAPHAGSuAaVEAVYPAInsEreLOerBfr3fqYtmas2cw++APr8wfCLp5i</latexit><latexit sha1_base64="LS+FNkCOM/31vecuhKr4me/UmLA=">AAACF3icbVDLSgMxFM3UV62vUZdugkWom2GmiLoRKm5cCK1gH9ApQyZN29AkMyYZoUz7F278FTcuFHGrO//G9LHQ1gMXDufcy733hDGjSrvut5VZWl5ZXcuu5zY2t7Z37N29mooSiUkVRyySjRApwqggVU01I41YEsRDRuph/2rs1x+IVDQSd3oQkxZHXUE7FCNtpMB2hpWCX+aki46H8AL66l7qtAj9Xogk9KOxMYKXQepLDm/Ko8DOu447AVwk3ozkwQyVwP7y2xFOOBEaM6RU03Nj3UqR1BQzMsr5iSIxwn3UJU1DBeJEtdLJXyN4ZJQ27ETSlNBwov6eSBFXasBD08mR7ql5byz+5zUT3TlvpVTEiSYCTxd1EgZ1BMchwTaVBGs2MARhSc2tEPeQRFibKHMmBG/+5UVSKzqe63i3J/nS6SyOLDgAh6AAPHAGSuAaVEAVYPAInsEreLOerBfr3fqYtmas2cw++APr8wfCLp5i</latexit>



A
<latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit><latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit><latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit><latexit sha1_base64="uNNNN38AqwVMRLQBXb60B5n2goc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPFi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuO2XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqV3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBj0GMuQ==</latexit>

aas
<latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit><latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit><latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit><latexit sha1_base64="UNniFbldMaI1XQlPhLsJ4d2Oe5g=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOTJfROJsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVlDVoLGLdjtAwwRVrWG4FayeaoYwEa0Xj25nfemLa8Fg92EnCQolDxQeconXSI/ayrpYEzbRXrvhVfw6ySoKcVCBHvVf+6vZjmkqmLBVoTCfwExtmqC2ngk1L3dSwBOkYh6zjqELJTJjNL56SM6f0ySDWrpQlc/X3RIbSmImMXKdEOzLL3kz8z+ukdnATZlwlqWWKLhYNUkFsTGbvkz7XjFoxcQSp5u5WQkeokVoXUsmFECy/vEqaF9XArwb3l5XaVR5HEU7gFM4hgGuowR3UoQEUFDzDK7x5xnvx3r2PRWvBy2eO4Q+8zx9095C5</latexit>

iALO
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Squeezed states of light

● Keep the uncertainty area the same
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b = cosh(r)aas + sinh(r)a+as
<latexit sha1_base64="ZHX82qkds/x8pNeEjXcFpTMkIks=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoFGoiom6EghuXFewDmhgm00k7dDITZiZCCf0MN/6KGxeKuO3Ov3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4O/XbT0QqKviDHiXEj1Gf04hipI0U2GchvIEeFmpQkacQBZknY4jUGFahpyhfUB+rgV12as4McJm4OSmDHI3Anng9gdOYcI0ZUqrrOon2MyQ1xYyMS16qSILwEPVJ11COYqL8bPbYGJ4YpQcjIU1xDWfq74kMxUqN4tB0xkgP1KI3Ff/zuqmOrv2M8iTVhOP5oihlUAs4TQn2qCRYs5EhCEtqboV4gCTC2mRZMiG4iy8vk9Z5zXVq7v1FuX6Zx1EER+AYVIALrkAd3IEGaAIMnsEreAcf1ov1Zn1aX/PWgpXPHII/sCY/KSWd8w==</latexit><latexit sha1_base64="ZHX82qkds/x8pNeEjXcFpTMkIks=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoFGoiom6EghuXFewDmhgm00k7dDITZiZCCf0MN/6KGxeKuO3Ov3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4O/XbT0QqKviDHiXEj1Gf04hipI0U2GchvIEeFmpQkacQBZknY4jUGFahpyhfUB+rgV12as4McJm4OSmDHI3Anng9gdOYcI0ZUqrrOon2MyQ1xYyMS16qSILwEPVJ11COYqL8bPbYGJ4YpQcjIU1xDWfq74kMxUqN4tB0xkgP1KI3Ff/zuqmOrv2M8iTVhOP5oihlUAs4TQn2qCRYs5EhCEtqboV4gCTC2mRZMiG4iy8vk9Z5zXVq7v1FuX6Zx1EER+AYVIALrkAd3IEGaAIMnsEreAcf1ov1Zn1aX/PWgpXPHII/sCY/KSWd8w==</latexit><latexit sha1_base64="ZHX82qkds/x8pNeEjXcFpTMkIks=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoFGoiom6EghuXFewDmhgm00k7dDITZiZCCf0MN/6KGxeKuO3Ov3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4O/XbT0QqKviDHiXEj1Gf04hipI0U2GchvIEeFmpQkacQBZknY4jUGFahpyhfUB+rgV12as4McJm4OSmDHI3Anng9gdOYcI0ZUqrrOon2MyQ1xYyMS16qSILwEPVJ11COYqL8bPbYGJ4YpQcjIU1xDWfq74kMxUqN4tB0xkgP1KI3Ff/zuqmOrv2M8iTVhOP5oihlUAs4TQn2qCRYs5EhCEtqboV4gCTC2mRZMiG4iy8vk9Z5zXVq7v1FuX6Zx1EER+AYVIALrkAd3IEGaAIMnsEreAcf1ov1Zn1aX/PWgpXPHII/sCY/KSWd8w==</latexit><latexit sha1_base64="ZHX82qkds/x8pNeEjXcFpTMkIks=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoFGoiom6EghuXFewDmhgm00k7dDITZiZCCf0MN/6KGxeKuO3Ov3HaZqGtBy4czrmXe+8JE0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctJVKJSRMLJmQnRIowyklTU81IJ5EExSEj7XB4O/XbT0QqKviDHiXEj1Gf04hipI0U2GchvIEeFmpQkacQBZknY4jUGFahpyhfUB+rgV12as4McJm4OSmDHI3Anng9gdOYcI0ZUqrrOon2MyQ1xYyMS16qSILwEPVJ11COYqL8bPbYGJ4YpQcjIU1xDWfq74kMxUqN4tB0xkgP1KI3Ff/zuqmOrv2M8iTVhOP5oihlUAs4TQn2qCRYs5EhCEtqboV4gCTC2mRZMiG4iy8vk9Z5zXVq7v1FuX6Zx1EER+AYVIALrkAd3IEGaAIMnsEreAcf1ov1Zn1aX/PWgpXPHII/sCY/KSWd8w==</latexit>

b� b+ = (aas � a+as)e
�r

<latexit sha1_base64="Co8bkSuHOoAv0WFUMdwwXbocFMg=">AAACFHicbVDLSgMxFM34rPU16tJNsAiV0jIjom6EghuXFewD2umQSdM2NMkMSUYow3yEG3/FjQtF3Lpw59+YtgNq64ELJ+fcS+49QcSo0o7zZS0tr6yurec28ptb2zu79t5+Q4WxxKSOQxbKVoAUYVSQuqaakVYkCeIBI81gdD3xm/dEKhqKOz2OiMfRQNA+xUgbybdLASzDoFuCV7CI/KQjOUQqNdrPo1s6Id2kLFPfLjgVZwq4SNyMFECGmm9/dnohjjkRGjOkVNt1Iu0lSGqKGUnznViRCOERGpC2oQJxorxkelQKj43Sg/1QmhIaTtXfEwniSo15YDo50kM1703E/7x2rPuXXkJFFGsi8OyjfsygDuEkIdijkmDNxoYgLKnZFeIhkghrk2PehODOn7xIGqcV16m4t2eF6nkWRw4cgiNQBC64AFVwA2qgDjB4AE/gBbxaj9az9Wa9z1qXrGzmAPyB9fENdSib8w==</latexit><latexit sha1_base64="Co8bkSuHOoAv0WFUMdwwXbocFMg=">AAACFHicbVDLSgMxFM34rPU16tJNsAiV0jIjom6EghuXFewD2umQSdM2NMkMSUYow3yEG3/FjQtF3Lpw59+YtgNq64ELJ+fcS+49QcSo0o7zZS0tr6yurec28ptb2zu79t5+Q4WxxKSOQxbKVoAUYVSQuqaakVYkCeIBI81gdD3xm/dEKhqKOz2OiMfRQNA+xUgbybdLASzDoFuCV7CI/KQjOUQqNdrPo1s6Id2kLFPfLjgVZwq4SNyMFECGmm9/dnohjjkRGjOkVNt1Iu0lSGqKGUnznViRCOERGpC2oQJxorxkelQKj43Sg/1QmhIaTtXfEwniSo15YDo50kM1703E/7x2rPuXXkJFFGsi8OyjfsygDuEkIdijkmDNxoYgLKnZFeIhkghrk2PehODOn7xIGqcV16m4t2eF6nkWRw4cgiNQBC64AFVwA2qgDjB4AE/gBbxaj9az9Wa9z1qXrGzmAPyB9fENdSib8w==</latexit><latexit sha1_base64="Co8bkSuHOoAv0WFUMdwwXbocFMg=">AAACFHicbVDLSgMxFM34rPU16tJNsAiV0jIjom6EghuXFewD2umQSdM2NMkMSUYow3yEG3/FjQtF3Lpw59+YtgNq64ELJ+fcS+49QcSo0o7zZS0tr6yurec28ptb2zu79t5+Q4WxxKSOQxbKVoAUYVSQuqaakVYkCeIBI81gdD3xm/dEKhqKOz2OiMfRQNA+xUgbybdLASzDoFuCV7CI/KQjOUQqNdrPo1s6Id2kLFPfLjgVZwq4SNyMFECGmm9/dnohjjkRGjOkVNt1Iu0lSGqKGUnznViRCOERGpC2oQJxorxkelQKj43Sg/1QmhIaTtXfEwniSo15YDo50kM1703E/7x2rPuXXkJFFGsi8OyjfsygDuEkIdijkmDNxoYgLKnZFeIhkghrk2PehODOn7xIGqcV16m4t2eF6nkWRw4cgiNQBC64AFVwA2qgDjB4AE/gBbxaj9az9Wa9z1qXrGzmAPyB9fENdSib8w==</latexit><latexit sha1_base64="Co8bkSuHOoAv0WFUMdwwXbocFMg=">AAACFHicbVDLSgMxFM34rPU16tJNsAiV0jIjom6EghuXFewD2umQSdM2NMkMSUYow3yEG3/FjQtF3Lpw59+YtgNq64ELJ+fcS+49QcSo0o7zZS0tr6yurec28ptb2zu79t5+Q4WxxKSOQxbKVoAUYVSQuqaakVYkCeIBI81gdD3xm/dEKhqKOz2OiMfRQNA+xUgbybdLASzDoFuCV7CI/KQjOUQqNdrPo1s6Id2kLFPfLjgVZwq4SNyMFECGmm9/dnohjjkRGjOkVNt1Iu0lSGqKGUnznViRCOERGpC2oQJxorxkelQKj43Sg/1QmhIaTtXfEwniSo15YDo50kM1703E/7x2rPuXXkJFFGsi8OyjfsygDuEkIdijkmDNxoYgLKnZFeIhkghrk2PehODOn7xIGqcV16m4t2eF6nkWRw4cgiNQBC64AFVwA2qgDjB4AE/gBbxaj9az9Wa9z1qXrGzmAPyB9fENdSib8w==</latexit>

|P (⌦)| =
p
2~!ALOe

�r
<latexit sha1_base64="5Vila/nlq9g4/CIaPIgOsgmbZVY="></latexit><latexit sha1_base64="5Vila/nlq9g4/CIaPIgOsgmbZVY="></latexit><latexit sha1_base64="5Vila/nlq9g4/CIaPIgOsgmbZVY="></latexit><latexit sha1_base64="5Vila/nlq9g4/CIaPIgOsgmbZVY="></latexit>

Signal P = 8⇡ALOA
L

�
h

<latexit sha1_base64="2zIfvf8/nnKKgYOvRToKZaf79S4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi2o3Q4sZFwQr2AU0Ik8mkHTqThJmJUEL+wY2/4saFIm7duPNvnLZZaOuBC4dz7p259/gJo1JZ1rextLyyurZe2ihvbm3v7Jp7+x0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPrid99IELSOLpX44S4HA0iGlKMlJY887QFr2ANOgmFDS9zBIfN2xw2oBMKhLNmnjlMPxagHA49s2JVrSngIrELUgEFWp755QQxTjmJFGZIyr5tJcrNkFAUM5KXnVSSBOERGpC+phHiRLrZ9KYcHmslgGEsdEUKTtXfExniUo65rzs5UkM5703E/7x+qsKam9EoSRWJ8OyjMGVQxXASEAyoIFixsSYIC6p3hXiIdBpKx1jWIdjzJy+SzlnVtqr23XmlflHEUQKH4AicABtcgjq4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7A+PwB2f2cRQ==</latexit><latexit sha1_base64="2zIfvf8/nnKKgYOvRToKZaf79S4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi2o3Q4sZFwQr2AU0Ik8mkHTqThJmJUEL+wY2/4saFIm7duPNvnLZZaOuBC4dz7p259/gJo1JZ1rextLyyurZe2ihvbm3v7Jp7+x0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPrid99IELSOLpX44S4HA0iGlKMlJY887QFr2ANOgmFDS9zBIfN2xw2oBMKhLNmnjlMPxagHA49s2JVrSngIrELUgEFWp755QQxTjmJFGZIyr5tJcrNkFAUM5KXnVSSBOERGpC+phHiRLrZ9KYcHmslgGEsdEUKTtXfExniUo65rzs5UkM5703E/7x+qsKam9EoSRWJ8OyjMGVQxXASEAyoIFixsSYIC6p3hXiIdBpKx1jWIdjzJy+SzlnVtqr23XmlflHEUQKH4AicABtcgjq4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7A+PwB2f2cRQ==</latexit><latexit sha1_base64="2zIfvf8/nnKKgYOvRToKZaf79S4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi2o3Q4sZFwQr2AU0Ik8mkHTqThJmJUEL+wY2/4saFIm7duPNvnLZZaOuBC4dz7p259/gJo1JZ1rextLyyurZe2ihvbm3v7Jp7+x0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPrid99IELSOLpX44S4HA0iGlKMlJY887QFr2ANOgmFDS9zBIfN2xw2oBMKhLNmnjlMPxagHA49s2JVrSngIrELUgEFWp755QQxTjmJFGZIyr5tJcrNkFAUM5KXnVSSBOERGpC+phHiRLrZ9KYcHmslgGEsdEUKTtXfExniUo65rzs5UkM5703E/7x+qsKam9EoSRWJ8OyjMGVQxXASEAyoIFixsSYIC6p3hXiIdBpKx1jWIdjzJy+SzlnVtqr23XmlflHEUQKH4AicABtcgjq4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7A+PwB2f2cRQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="EIIFK5iyJe2oHkiH2bLIZ5rgh1A=">AAACCHicbZDLSsNAGIX/1FutVaNbN4NFEBclcWM3gsWNi4IV7AWaECbTSTt0JgkzE6GEvIMbX8WNC0V8Ane+jdPLQqsHBg7nzO3/wpQzpR3nyyqtrW9sbpW3KzvV3b19+6DaVUkmCe2QhCeyH2JFOYtpRzPNaT+VFIuQ0144uZ71vQcqFUviez1NqS/wKGYRI1ibKLDP2ugSNZCXMtQMck8K1LotUBN5kcQkbxW5x81lQ1ygcWDXnLozF/pr3KWpwVLtwP70hgnJBI014Vipgeuk2s+x1IxwWlS8TNEUkwke0YGxMRZU+fl8pgKdmGSIokSaFWs0T3+eyLFQaipCs1NgPVar3Sz8rxtkOmr4OYvTTNOYLB6KMo50gmaA0JBJSjSfGoOJZOaviIyxoaENxoqB4K6O/Nd0z+uuU3fvHCjDERzDKbhwAVdwA23oAIFHeIZXeLOerBfrfYGrZC25HcIvWR/fKAaa0w==</latexit><latexit sha1_base64="EIIFK5iyJe2oHkiH2bLIZ5rgh1A=">AAACCHicbZDLSsNAGIX/1FutVaNbN4NFEBclcWM3gsWNi4IV7AWaECbTSTt0JgkzE6GEvIMbX8WNC0V8Ane+jdPLQqsHBg7nzO3/wpQzpR3nyyqtrW9sbpW3KzvV3b19+6DaVUkmCe2QhCeyH2JFOYtpRzPNaT+VFIuQ0144uZ71vQcqFUviez1NqS/wKGYRI1ibKLDP2ugSNZCXMtQMck8K1LotUBN5kcQkbxW5x81lQ1ygcWDXnLozF/pr3KWpwVLtwP70hgnJBI014Vipgeuk2s+x1IxwWlS8TNEUkwke0YGxMRZU+fl8pgKdmGSIokSaFWs0T3+eyLFQaipCs1NgPVar3Sz8rxtkOmr4OYvTTNOYLB6KMo50gmaA0JBJSjSfGoOJZOaviIyxoaENxoqB4K6O/Nd0z+uuU3fvHCjDERzDKbhwAVdwA23oAIFHeIZXeLOerBfrfYGrZC25HcIvWR/fKAaa0w==</latexit><latexit sha1_base64="iBpTzQql84z+pUtSf00AMyr1T2Y=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyVxod0ILW5cFKxgH9CEMJlM2qEzSZiZCCXkH9z4K25cKOLWjTv/xmmbhbYeuHA4596Ze4+fMCqVZX0bpZXVtfWN8mZla3tnd8/cP+jKOBWYdHDMYtH3kSSMRqSjqGKknwiCuM9Izx9fT/3eAxGSxtG9miTE5WgY0ZBipLTkmWdteAXr0EkobHqZIzhs3eawCZ1QIJy18sxh+rEA5XDkmVWrZs0Al4ldkCoo0PbMLyeIccpJpDBDUg5sK1FuhoSimJG84qSSJAiP0ZAMNI0QJ9LNZjfl8EQrAQxjoStScKb+nsgQl3LCfd3JkRrJRW8q/ucNUhXW3YxGSapIhOcfhSmDKobTgGBABcGKTTRBWFC9K8QjpNNQOsaKDsFePHmZdM9rtlWz76xq46KIowyOwDE4BTa4BA1wA9qgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP7A+PwB2L2cQQ==</latexit><latexit sha1_base64="2zIfvf8/nnKKgYOvRToKZaf79S4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi2o3Q4sZFwQr2AU0Ik8mkHTqThJmJUEL+wY2/4saFIm7duPNvnLZZaOuBC4dz7p259/gJo1JZ1rextLyyurZe2ihvbm3v7Jp7+x0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPrid99IELSOLpX44S4HA0iGlKMlJY887QFr2ANOgmFDS9zBIfN2xw2oBMKhLNmnjlMPxagHA49s2JVrSngIrELUgEFWp755QQxTjmJFGZIyr5tJcrNkFAUM5KXnVSSBOERGpC+phHiRLrZ9KYcHmslgGEsdEUKTtXfExniUo65rzs5UkM5703E/7x+qsKam9EoSRWJ8OyjMGVQxXASEAyoIFixsSYIC6p3hXiIdBpKx1jWIdjzJy+SzlnVtqr23XmlflHEUQKH4AicABtcgjq4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7A+PwB2f2cRQ==</latexit><latexit sha1_base64="2zIfvf8/nnKKgYOvRToKZaf79S4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi2o3Q4sZFwQr2AU0Ik8mkHTqThJmJUEL+wY2/4saFIm7duPNvnLZZaOuBC4dz7p259/gJo1JZ1rextLyyurZe2ihvbm3v7Jp7+x0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPrid99IELSOLpX44S4HA0iGlKMlJY887QFr2ANOgmFDS9zBIfN2xw2oBMKhLNmnjlMPxagHA49s2JVrSngIrELUgEFWp755QQxTjmJFGZIyr5tJcrNkFAUM5KXnVSSBOERGpC+phHiRLrZ9KYcHmslgGEsdEUKTtXfExniUo65rzs5UkM5703E/7x+qsKam9EoSRWJ8OyjMGVQxXASEAyoIFixsSYIC6p3hXiIdBpKx1jWIdjzJy+SzlnVtqr23XmlflHEUQKH4AicABtcgjq4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7A+PwB2f2cRQ==</latexit><latexit sha1_base64="2zIfvf8/nnKKgYOvRToKZaf79S4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi2o3Q4sZFwQr2AU0Ik8mkHTqThJmJUEL+wY2/4saFIm7duPNvnLZZaOuBC4dz7p259/gJo1JZ1rextLyyurZe2ihvbm3v7Jp7+x0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPrid99IELSOLpX44S4HA0iGlKMlJY887QFr2ANOgmFDS9zBIfN2xw2oBMKhLNmnjlMPxagHA49s2JVrSngIrELUgEFWp755QQxTjmJFGZIyr5tJcrNkFAUM5KXnVSSBOERGpC+phHiRLrZ9KYcHmslgGEsdEUKTtXfExniUo65rzs5UkM5703E/7x+qsKam9EoSRWJ8OyjMGVQxXASEAyoIFixsSYIC6p3hXiIdBpKx1jWIdjzJy+SzlnVtqr23XmlflHEUQKH4AicABtcgjq4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7A+PwB2f2cRQ==</latexit><latexit sha1_base64="2zIfvf8/nnKKgYOvRToKZaf79S4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi2o3Q4sZFwQr2AU0Ik8mkHTqThJmJUEL+wY2/4saFIm7duPNvnLZZaOuBC4dz7p259/gJo1JZ1rextLyyurZe2ihvbm3v7Jp7+x0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPrid99IELSOLpX44S4HA0iGlKMlJY887QFr2ANOgmFDS9zBIfN2xw2oBMKhLNmnjlMPxagHA49s2JVrSngIrELUgEFWp755QQxTjmJFGZIyr5tJcrNkFAUM5KXnVSSBOERGpC+phHiRLrZ9KYcHmslgGEsdEUKTtXfExniUo65rzs5UkM5703E/7x+qsKam9EoSRWJ8OyjMGVQxXASEAyoIFixsSYIC6p3hXiIdBpKx1jWIdjzJy+SzlnVtqr23XmlflHEUQKH4AicABtcgjq4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7A+PwB2f2cRQ==</latexit><latexit sha1_base64="2zIfvf8/nnKKgYOvRToKZaf79S4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi2o3Q4sZFwQr2AU0Ik8mkHTqThJmJUEL+wY2/4saFIm7duPNvnLZZaOuBC4dz7p259/gJo1JZ1rextLyyurZe2ihvbm3v7Jp7+x0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPrid99IELSOLpX44S4HA0iGlKMlJY887QFr2ANOgmFDS9zBIfN2xw2oBMKhLNmnjlMPxagHA49s2JVrSngIrELUgEFWp755QQxTjmJFGZIyr5tJcrNkFAUM5KXnVSSBOERGpC+phHiRLrZ9KYcHmslgGEsdEUKTtXfExniUo65rzs5UkM5703E/7x+qsKam9EoSRWJ8OyjMGVQxXASEAyoIFixsSYIC6p3hXiIdBpKx1jWIdjzJy+SzlnVtqr23XmlflHEUQKH4AicABtcgjq4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7A+PwB2f2cRQ==</latexit><latexit sha1_base64="2zIfvf8/nnKKgYOvRToKZaf79S4=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi2o3Q4sZFwQr2AU0Ik8mkHTqThJmJUEL+wY2/4saFIm7duPNvnLZZaOuBC4dz7p259/gJo1JZ1rextLyyurZe2ihvbm3v7Jp7+x0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPrid99IELSOLpX44S4HA0iGlKMlJY887QFr2ANOgmFDS9zBIfN2xw2oBMKhLNmnjlMPxagHA49s2JVrSngIrELUgEFWp755QQxTjmJFGZIyr5tJcrNkFAUM5KXnVSSBOERGpC+phHiRLrZ9KYcHmslgGEsdEUKTtXfExniUo65rzs5UkM5703E/7x+qsKam9EoSRWJ8OyjMGVQxXASEAyoIFixsSYIC6p3hXiIdBpKx1jWIdjzJy+SzlnVtqr23XmlflHEUQKH4AicABtcgjq4AS3QBhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7A+PwB2f2cRQ==</latexit>

2!
<latexit sha1_base64="8L6WBgyIhY70j8eOfSse2RECDvs=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY8BLx4jmAckS5iddJIhMzvLzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMirVDJtMCaU7ETUoeIxNy63ATqKRykhgO5rczf32E2rDVfxopwmGko5iPuSMWie1az0lcUT75Ypf9Rcg6yTISQVyNPrlr95AsVRibJmgxnQDP7FhRrXlTOCs1EsNJpRN6Ai7jsZUogmzxbkzcuGUARkq7Sq2ZKH+nsioNGYqI9cpqR2bVW8u/ud1Uzu8DTMeJ6nFmC0XDVNBrCLz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYfXmdtGrVwK8GD1eV+nUeRxHO4BwuIYAbqMM9NKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AP53j0s=</latexit><latexit sha1_base64="8L6WBgyIhY70j8eOfSse2RECDvs=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY8BLx4jmAckS5iddJIhMzvLzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMirVDJtMCaU7ETUoeIxNy63ATqKRykhgO5rczf32E2rDVfxopwmGko5iPuSMWie1az0lcUT75Ypf9Rcg6yTISQVyNPrlr95AsVRibJmgxnQDP7FhRrXlTOCs1EsNJpRN6Ai7jsZUogmzxbkzcuGUARkq7Sq2ZKH+nsioNGYqI9cpqR2bVW8u/ud1Uzu8DTMeJ6nFmC0XDVNBrCLz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYfXmdtGrVwK8GD1eV+nUeRxHO4BwuIYAbqMM9NKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AP53j0s=</latexit><latexit sha1_base64="8L6WBgyIhY70j8eOfSse2RECDvs=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY8BLx4jmAckS5iddJIhMzvLzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMirVDJtMCaU7ETUoeIxNy63ATqKRykhgO5rczf32E2rDVfxopwmGko5iPuSMWie1az0lcUT75Ypf9Rcg6yTISQVyNPrlr95AsVRibJmgxnQDP7FhRrXlTOCs1EsNJpRN6Ai7jsZUogmzxbkzcuGUARkq7Sq2ZKH+nsioNGYqI9cpqR2bVW8u/ud1Uzu8DTMeJ6nFmC0XDVNBrCLz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYfXmdtGrVwK8GD1eV+nUeRxHO4BwuIYAbqMM9NKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AP53j0s=</latexit><latexit sha1_base64="8L6WBgyIhY70j8eOfSse2RECDvs=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUY8BLx4jmAckS5iddJIhMzvLzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMirVDJtMCaU7ETUoeIxNy63ATqKRykhgO5rczf32E2rDVfxopwmGko5iPuSMWie1az0lcUT75Ypf9Rcg6yTISQVyNPrlr95AsVRibJmgxnQDP7FhRrXlTOCs1EsNJpRN6Ai7jsZUogmzxbkzcuGUARkq7Sq2ZKH+nsioNGYqI9cpqR2bVW8u/ud1Uzu8DTMeJ6nFmC0XDVNBrCLz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYfXmdtGrVwK8GD1eV+nUeRxHO4BwuIYAbqMM9NKAJDCbwDK/w5iXei/fufSxbC14+cwp/4H3+AP53j0s=</latexit>

! + ⌦
<latexit sha1_base64="fX/xN82jV5LbEXZH4v+AHzrAvU4=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARBKHMiKjLght3VrAX6Awlk55pQ5PJkGSEWvokblwo4tZHcefbmGlnoa0/BD7+cw7n5I9SzrTxvG9nZXVtfWOztFXe3tndq7j7By0tM0WhSSWXqhMRDZwl0DTMcOikCoiIOLSj0U1ebz+C0kwmD2acQijIIGExo8RYq+dWAilgQPAZDu5y6LlVr+bNhJfBL6CKCjV67lfQlzQTkBjKidZd30tNOCHKMMphWg4yDSmhIzKArsWECNDhZHb4FJ9Yp49jqexLDJ65vycmRGg9FpHtFMQM9WItN/+rdTMTX4cTlqSZgYTOF8UZx0biPAXcZwqo4WMLhCpmb8V0SBShxmZVtiH4i19ehtZ5zfdq/v1FtX5ZxFFCR+gYnSIfXaE6ukUN1EQUZegZvaI358l5cd6dj3nrilPMHKI/cj5/AIIEkko=</latexit><latexit sha1_base64="fX/xN82jV5LbEXZH4v+AHzrAvU4=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARBKHMiKjLght3VrAX6Awlk55pQ5PJkGSEWvokblwo4tZHcefbmGlnoa0/BD7+cw7n5I9SzrTxvG9nZXVtfWOztFXe3tndq7j7By0tM0WhSSWXqhMRDZwl0DTMcOikCoiIOLSj0U1ebz+C0kwmD2acQijIIGExo8RYq+dWAilgQPAZDu5y6LlVr+bNhJfBL6CKCjV67lfQlzQTkBjKidZd30tNOCHKMMphWg4yDSmhIzKArsWECNDhZHb4FJ9Yp49jqexLDJ65vycmRGg9FpHtFMQM9WItN/+rdTMTX4cTlqSZgYTOF8UZx0biPAXcZwqo4WMLhCpmb8V0SBShxmZVtiH4i19ehtZ5zfdq/v1FtX5ZxFFCR+gYnSIfXaE6ukUN1EQUZegZvaI358l5cd6dj3nrilPMHKI/cj5/AIIEkko=</latexit><latexit sha1_base64="fX/xN82jV5LbEXZH4v+AHzrAvU4=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARBKHMiKjLght3VrAX6Awlk55pQ5PJkGSEWvokblwo4tZHcefbmGlnoa0/BD7+cw7n5I9SzrTxvG9nZXVtfWOztFXe3tndq7j7By0tM0WhSSWXqhMRDZwl0DTMcOikCoiIOLSj0U1ebz+C0kwmD2acQijIIGExo8RYq+dWAilgQPAZDu5y6LlVr+bNhJfBL6CKCjV67lfQlzQTkBjKidZd30tNOCHKMMphWg4yDSmhIzKArsWECNDhZHb4FJ9Yp49jqexLDJ65vycmRGg9FpHtFMQM9WItN/+rdTMTX4cTlqSZgYTOF8UZx0biPAXcZwqo4WMLhCpmb8V0SBShxmZVtiH4i19ehtZ5zfdq/v1FtX5ZxFFCR+gYnSIfXaE6ukUN1EQUZegZvaI358l5cd6dj3nrilPMHKI/cj5/AIIEkko=</latexit><latexit sha1_base64="fX/xN82jV5LbEXZH4v+AHzrAvU4=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARBKHMiKjLght3VrAX6Awlk55pQ5PJkGSEWvokblwo4tZHcefbmGlnoa0/BD7+cw7n5I9SzrTxvG9nZXVtfWOztFXe3tndq7j7By0tM0WhSSWXqhMRDZwl0DTMcOikCoiIOLSj0U1ebz+C0kwmD2acQijIIGExo8RYq+dWAilgQPAZDu5y6LlVr+bNhJfBL6CKCjV67lfQlzQTkBjKidZd30tNOCHKMMphWg4yDSmhIzKArsWECNDhZHb4FJ9Yp49jqexLDJ65vycmRGg9FpHtFMQM9WItN/+rdTMTX4cTlqSZgYTOF8UZx0biPAXcZwqo4WMLhCpmb8V0SBShxmZVtiH4i19ehtZ5zfdq/v1FtX5ZxFFCR+gYnSIfXaE6ukUN1EQUZegZvaI358l5cd6dj3nrilPMHKI/cj5/AIIEkko=</latexit>

! � ⌦
<latexit sha1_base64="MIqU8aJYW8PKDGYB7leGEa18CIc=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2AR3FhmRNRlwY07K9gLdIaSSc+0oclkSDJCLX0SNy4UceujuPNtzLSz0NYfAh//OYdz8kcpZ9p43rezsrq2vrFZ2ipv7+zuVdz9g5aWmaLQpJJL1YmIBs4SaBpmOHRSBUREHNrR6Cavtx9BaSaTBzNOIRRkkLCYUWKs1XMrgRQwIPgMB3c59NyqV/NmwsvgF1BFhRo99yvoS5oJSAzlROuu76UmnBBlGOUwLQeZhpTQERlA12JCBOhwMjt8ik+s08exVPYlBs/c3xMTIrQei8h2CmKGerGWm//VupmJr8MJS9LMQELni+KMYyNxngLuMwXU8LEFQhWzt2I6JIpQY7Mq2xD8xS8vQ+u85ns1//6iWr8s4iihI3SMTpGPrlAd3aIGaiKKMvSMXtGb8+S8OO/Ox7x1xSlmDtEfOZ8/hRqSTA==</latexit><latexit sha1_base64="MIqU8aJYW8PKDGYB7leGEa18CIc=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2AR3FhmRNRlwY07K9gLdIaSSc+0oclkSDJCLX0SNy4UceujuPNtzLSz0NYfAh//OYdz8kcpZ9p43rezsrq2vrFZ2ipv7+zuVdz9g5aWmaLQpJJL1YmIBs4SaBpmOHRSBUREHNrR6Cavtx9BaSaTBzNOIRRkkLCYUWKs1XMrgRQwIPgMB3c59NyqV/NmwsvgF1BFhRo99yvoS5oJSAzlROuu76UmnBBlGOUwLQeZhpTQERlA12JCBOhwMjt8ik+s08exVPYlBs/c3xMTIrQei8h2CmKGerGWm//VupmJr8MJS9LMQELni+KMYyNxngLuMwXU8LEFQhWzt2I6JIpQY7Mq2xD8xS8vQ+u85ns1//6iWr8s4iihI3SMTpGPrlAd3aIGaiKKMvSMXtGb8+S8OO/Ox7x1xSlmDtEfOZ8/hRqSTA==</latexit><latexit sha1_base64="MIqU8aJYW8PKDGYB7leGEa18CIc=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2AR3FhmRNRlwY07K9gLdIaSSc+0oclkSDJCLX0SNy4UceujuPNtzLSz0NYfAh//OYdz8kcpZ9p43rezsrq2vrFZ2ipv7+zuVdz9g5aWmaLQpJJL1YmIBs4SaBpmOHRSBUREHNrR6Cavtx9BaSaTBzNOIRRkkLCYUWKs1XMrgRQwIPgMB3c59NyqV/NmwsvgF1BFhRo99yvoS5oJSAzlROuu76UmnBBlGOUwLQeZhpTQERlA12JCBOhwMjt8ik+s08exVPYlBs/c3xMTIrQei8h2CmKGerGWm//VupmJr8MJS9LMQELni+KMYyNxngLuMwXU8LEFQhWzt2I6JIpQY7Mq2xD8xS8vQ+u85ns1//6iWr8s4iihI3SMTpGPrlAd3aIGaiKKMvSMXtGb8+S8OO/Ox7x1xSlmDtEfOZ8/hRqSTA==</latexit><latexit sha1_base64="MIqU8aJYW8PKDGYB7leGEa18CIc=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2AR3FhmRNRlwY07K9gLdIaSSc+0oclkSDJCLX0SNy4UceujuPNtzLSz0NYfAh//OYdz8kcpZ9p43rezsrq2vrFZ2ipv7+zuVdz9g5aWmaLQpJJL1YmIBs4SaBpmOHRSBUREHNrR6Cavtx9BaSaTBzNOIRRkkLCYUWKs1XMrgRQwIPgMB3c59NyqV/NmwsvgF1BFhRo99yvoS5oJSAzlROuu76UmnBBlGOUwLQeZhpTQERlA12JCBOhwMjt8ik+s08exVPYlBs/c3xMTIrQei8h2CmKGerGWm//VupmJr8MJS9LMQELni+KMYyNxngLuMwXU8LEFQhWzt2I6JIpQY7Mq2xD8xS8vQ+u85ns1//6iWr8s4iihI3SMTpGPrlAd3aIGaiKKMvSMXtGb8+S8OO/Ox7x1xSlmDtEfOZ8/hRqSTA==</latexit>
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�E1
<latexit sha1_base64="QdLhSr4xHXOux7uXldKbc8ZySOU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBBY8V7Ae2oWy2k3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WE2gjYvWA4wT8iA2UCAVnaKXH7g1IZPS25/XKFbfqzkCXiZeTCslR75W/uv2YpxEo5JIZ0/HcBP2MaRRcwqTUTQ0kjI/YADqWKhaB8bPZxRN6YpU+DWNtSyGdqb8nMhYZM44C2xkxHJpFbyr+53VSDK/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakkg3BW3x5mTTPqp5b9e7PK7WLPI4iOSLH5JR45JLUyB2pkwbhRJFn8kreHOO8OO/Ox7y14OQzh+QPnM8fboeQDQ==</latexit><latexit sha1_base64="QdLhSr4xHXOux7uXldKbc8ZySOU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBBY8V7Ae2oWy2k3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WE2gjYvWA4wT8iA2UCAVnaKXH7g1IZPS25/XKFbfqzkCXiZeTCslR75W/uv2YpxEo5JIZ0/HcBP2MaRRcwqTUTQ0kjI/YADqWKhaB8bPZxRN6YpU+DWNtSyGdqb8nMhYZM44C2xkxHJpFbyr+53VSDK/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakkg3BW3x5mTTPqp5b9e7PK7WLPI4iOSLH5JR45JLUyB2pkwbhRJFn8kreHOO8OO/Ox7y14OQzh+QPnM8fboeQDQ==</latexit><latexit sha1_base64="QdLhSr4xHXOux7uXldKbc8ZySOU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBBY8V7Ae2oWy2k3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WE2gjYvWA4wT8iA2UCAVnaKXH7g1IZPS25/XKFbfqzkCXiZeTCslR75W/uv2YpxEo5JIZ0/HcBP2MaRRcwqTUTQ0kjI/YADqWKhaB8bPZxRN6YpU+DWNtSyGdqb8nMhYZM44C2xkxHJpFbyr+53VSDK/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakkg3BW3x5mTTPqp5b9e7PK7WLPI4iOSLH5JR45JLUyB2pkwbhRJFn8kreHOO8OO/Ox7y14OQzh+QPnM8fboeQDQ==</latexit><latexit sha1_base64="QdLhSr4xHXOux7uXldKbc8ZySOU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNBBY8V7Ae2oWy2k3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WE2gjYvWA4wT8iA2UCAVnaKXH7g1IZPS25/XKFbfqzkCXiZeTCslR75W/uv2YpxEo5JIZ0/HcBP2MaRRcwqTUTQ0kjI/YADqWKhaB8bPZxRN6YpU+DWNtSyGdqb8nMhYZM44C2xkxHJpFbyr+53VSDK/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakkg3BW3x5mTTPqp5b9e7PK7WLPI4iOSLH5JR45JLUyB2pkwbhRJFn8kreHOO8OO/Ox7y14OQzh+QPnM8fboeQDQ==</latexit>

�E2
<latexit sha1_base64="5wjtb87B+6iSHsHRRwyaCycrYGM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VhQwWMF+4FtKJvtpl262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbTSY/eGS6TktlftlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmtWK51a8+/Ny7SKPowDHcAJn4MEl1OAO6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fcAuQDg==</latexit><latexit sha1_base64="5wjtb87B+6iSHsHRRwyaCycrYGM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VhQwWMF+4FtKJvtpl262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbTSY/eGS6TktlftlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmtWK51a8+/Ny7SKPowDHcAJn4MEl1OAO6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fcAuQDg==</latexit><latexit sha1_base64="5wjtb87B+6iSHsHRRwyaCycrYGM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VhQwWMF+4FtKJvtpl262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbTSY/eGS6TktlftlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmtWK51a8+/Ny7SKPowDHcAJn4MEl1OAO6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fcAuQDg==</latexit><latexit sha1_base64="5wjtb87B+6iSHsHRRwyaCycrYGM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VhQwWMF+4FtKJvtpl262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuLaiFg94DjhfkQHSoSCUbTSY/eGS6TktlftlcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Nrt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhlZ8JlaTIFZsvClNJMCbT90lfaM5Qji2hTAt7K2FDqilDG1LRhuAtvrxMmtWK51a8+/Ny7SKPowDHcAJn4MEl1OAO6tAABgqe4RXeHOO8OO/Ox7x1xclnjuAPnM8fcAuQDg==</latexit>
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The LIGO layout is equivalent to 

iALO
<latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="6EB82qn4hdcPX+CfC4Y9oqg1Qgo=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnSpuHEhWME+YDqUTJppQ5PJkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nzqSw6PvfXmljc2t7p7xb2avuHxzWjqptq3PDeItpqU03ppZLkfIWCpS8mxlOVSx5Jx7fzvLOMzdW6PQJJxmPFB2mIhGMorNCcdMvekaR+4dpv1b3G/5cZB2CJdRhqWa/9tUbaJYrniKT1Now8DOMCmpQMMmnlV5ueUbZmA556DClituomI88JWfOGZBEG3dSJHP394uCKmsnKnY3FcWRXc1m5n9ZmGNyFRUizXLkKVt8lOSSoCaz/clAGM5QThxQZoSblbARNZSha6niSghWV16H9kUj8BvBow9lOIFTOIcALuEa7qAJLWCg4QXe4N1D79X7WNRV8pa9HcMfeZ8/etqPgg==</latexit><latexit sha1_base64="6EB82qn4hdcPX+CfC4Y9oqg1Qgo=">AAAB53icbZBLSwMxFIXv1FetVatbN8EiuCozbnSpuHEhWME+YDqUTJppQ5PJkNwRytCf4caFIv4jd/4b08dCWw8EPs5JyL0nzqSw6PvfXmljc2t7p7xb2avuHxzWjqptq3PDeItpqU03ppZLkfIWCpS8mxlOVSx5Jx7fzvLOMzdW6PQJJxmPFB2mIhGMorNCcdMvekaR+4dpv1b3G/5cZB2CJdRhqWa/9tUbaJYrniKT1Now8DOMCmpQMMmnlV5ueUbZmA556DClituomI88JWfOGZBEG3dSJHP394uCKmsnKnY3FcWRXc1m5n9ZmGNyFRUizXLkKVt8lOSSoCaz/clAGM5QThxQZoSblbARNZSha6niSghWV16H9kUj8BvBow9lOIFTOIcALuEa7qAJLWCg4QXe4N1D79X7WNRV8pa9HcMfeZ8/etqPgg==</latexit><latexit sha1_base64="f+t9dLTteHNaf7YZ1y1TN20/QFw=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4s1DJiYyEYwZjA5Qh7m71kyX4cu3tCOPIzbCwUsfXX2Plv3CRXaOKDgcd7M8zMi1POjPX9b6+0srq2vlHerGxt7+zuVfcPHo3KNKEtorjSnRgbypmkLcssp51UUyxiTtvx6Hrqt5+oNkzJBztOaSTwQLKEEWydFLKrXt7VAt3eTXrVml/3Z0DLJChIDQo0e9Wvbl+RTFBpCcfGhIGf2ijH2jLC6aTSzQxNMRnhAQ0dlVhQE+WzkyfoxCl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/88LMJpdRzmSaWSrJfFGScWQVmv6P+kxTYvnYEUw0c7ciMsQaE+tSqrgQgsWXl8njWT3w68G9X2ucF3GU4QiO4RQCuIAG3EATWkBAwTO8wptnvRfv3fuYt5a8YuYQ/sD7/AGzmZDP</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit><latexit sha1_base64="c1d9/WeL6kiALxwi9b9NvThjWJQ=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4CjMi6jHixYNgBLPAZAg9nZ6kSS9Dd40QhnyGFw+KePVrvPk3dpaDJj4oeLxXRVW9OBXcgu9/e4WV1bX1jeJmaWt7Z3evvH/QtDozlDWoFtq0Y2KZ4Io1gINg7dQwImPBWvHwZuK3npixXKtHGKUskqSveMIpASeF/Lqbd4zEd/fjbrniV/0p8DIJ5qSC5qh3y1+dnqaZZAqoINaGgZ9ClBMDnAo2LnUyy1JCh6TPQkcVkcxG+fTkMT5xSg8n2rhSgKfq74mcSGtHMnadksDALnoT8T8vzCC5inKu0gyYorNFSSYwaDz5H/e4YRTEyBFCDXe3YjoghlBwKZVcCMHiy8ukeVYN/GrwcF6pXczjKKIjdIxOUYAuUQ3dojpqIIo0ekav6M0D78V79z5mrQVvPnOI/sD7/AG02ZDT</latexit>

T = 0.1
<latexit sha1_base64="6hKEMiTwM6GJG5UzOnRLssg9pV0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlv3Xr1r1BtebW3QXIX+IVpAYFmoPqZ3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxbEzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0E+RcpplByZaLokwQk5D552TIFTIjppZQpri9lbAxVZQZm0/FhuCtvvyXtC/qnk3s4bLWuCriKMMJnMI5eHANDbiHJvjAgMMTvMCrI51n5815X7aWnGLmGH7B+fgGd4yNwA==</latexit><latexit sha1_base64="6hKEMiTwM6GJG5UzOnRLssg9pV0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlv3Xr1r1BtebW3QXIX+IVpAYFmoPqZ3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxbEzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0E+RcpplByZaLokwQk5D552TIFTIjppZQpri9lbAxVZQZm0/FhuCtvvyXtC/qnk3s4bLWuCriKMMJnMI5eHANDbiHJvjAgMMTvMCrI51n5815X7aWnGLmGH7B+fgGd4yNwA==</latexit><latexit sha1_base64="6hKEMiTwM6GJG5UzOnRLssg9pV0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlv3Xr1r1BtebW3QXIX+IVpAYFmoPqZ3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxbEzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0E+RcpplByZaLokwQk5D552TIFTIjppZQpri9lbAxVZQZm0/FhuCtvvyXtC/qnk3s4bLWuCriKMMJnMI5eHANDbiHJvjAgMMTvMCrI51n5815X7aWnGLmGH7B+fgGd4yNwA==</latexit><latexit sha1_base64="6hKEMiTwM6GJG5UzOnRLssg9pV0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlv3Xr1r1BtebW3QXIX+IVpAYFmoPqZ3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxbEzcmaVIYkSZUsaslB/TuQ01noah7YzpmasV725+J/Xy0x0E+RcpplByZaLokwQk5D552TIFTIjppZQpri9lbAxVZQZm0/FhuCtvvyXtC/qnk3s4bLWuCriKMMJnMI5eHANDbiHJvjAgMMTvMCrI51n5815X7aWnGLmGH7B+fgGd4yNwA==</latexit>

P = iALO(a� a+)
<latexit sha1_base64="Gt5kMOZTd8INZlovbWuE31hIxPA=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpYZEXUjVNy4EKxgH9COQybNtKFJZkgyQhkKbvwVNy4UcetPuPNvTNtZqPXAhcM593LvPUHMqNKO82XlZmbn5hfyi4Wl5ZXVNXt9o66iRGJSwxGLZDNAijAqSE1TzUgzlgTxgJFG0L8Y+Y17IhWNxK0exMTjqCtoSDHSRvLtrSo8gxSe+2lbcnh1PYQlBA8gutvf8+2iU3bGgNPEzUgRZKj69me7E+GEE6ExQ0q1XCfWXoqkppiRYaGdKBIj3Edd0jJUIE6Ul45/GMJdo3RgGElTQsOx+nMiRVypAQ9MJ0e6p/56I/E/r5Xo8NRLqYgTTQSeLAoTBnUER4HADpUEazYwBGFJza0Q95BEWJvYCiYE9+/L06R+WHadsntzVKwcZ3HkwTbYASXgghNQAZegCmoAgwfwBF7Aq/VoPVtv1vukNWdlM5vgF6yPb03ZlLA=</latexit><latexit sha1_base64="Gt5kMOZTd8INZlovbWuE31hIxPA=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpYZEXUjVNy4EKxgH9COQybNtKFJZkgyQhkKbvwVNy4UcetPuPNvTNtZqPXAhcM593LvPUHMqNKO82XlZmbn5hfyi4Wl5ZXVNXt9o66iRGJSwxGLZDNAijAqSE1TzUgzlgTxgJFG0L8Y+Y17IhWNxK0exMTjqCtoSDHSRvLtrSo8gxSe+2lbcnh1PYQlBA8gutvf8+2iU3bGgNPEzUgRZKj69me7E+GEE6ExQ0q1XCfWXoqkppiRYaGdKBIj3Edd0jJUIE6Ul45/GMJdo3RgGElTQsOx+nMiRVypAQ9MJ0e6p/56I/E/r5Xo8NRLqYgTTQSeLAoTBnUER4HADpUEazYwBGFJza0Q95BEWJvYCiYE9+/L06R+WHadsntzVKwcZ3HkwTbYASXgghNQAZegCmoAgwfwBF7Aq/VoPVtv1vukNWdlM5vgF6yPb03ZlLA=</latexit><latexit sha1_base64="Gt5kMOZTd8INZlovbWuE31hIxPA=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpYZEXUjVNy4EKxgH9COQybNtKFJZkgyQhkKbvwVNy4UcetPuPNvTNtZqPXAhcM593LvPUHMqNKO82XlZmbn5hfyi4Wl5ZXVNXt9o66iRGJSwxGLZDNAijAqSE1TzUgzlgTxgJFG0L8Y+Y17IhWNxK0exMTjqCtoSDHSRvLtrSo8gxSe+2lbcnh1PYQlBA8gutvf8+2iU3bGgNPEzUgRZKj69me7E+GEE6ExQ0q1XCfWXoqkppiRYaGdKBIj3Edd0jJUIE6Ul45/GMJdo3RgGElTQsOx+nMiRVypAQ9MJ0e6p/56I/E/r5Xo8NRLqYgTTQSeLAoTBnUER4HADpUEazYwBGFJza0Q95BEWJvYCiYE9+/L06R+WHadsntzVKwcZ3HkwTbYASXgghNQAZegCmoAgwfwBF7Aq/VoPVtv1vukNWdlM5vgF6yPb03ZlLA=</latexit><latexit sha1_base64="Gt5kMOZTd8INZlovbWuE31hIxPA=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahIpYZEXUjVNy4EKxgH9COQybNtKFJZkgyQhkKbvwVNy4UcetPuPNvTNtZqPXAhcM593LvPUHMqNKO82XlZmbn5hfyi4Wl5ZXVNXt9o66iRGJSwxGLZDNAijAqSE1TzUgzlgTxgJFG0L8Y+Y17IhWNxK0exMTjqCtoSDHSRvLtrSo8gxSe+2lbcnh1PYQlBA8gutvf8+2iU3bGgNPEzUgRZKj69me7E+GEE6ExQ0q1XCfWXoqkppiRYaGdKBIj3Edd0jJUIE6Ul45/GMJdo3RgGElTQsOx+nMiRVypAQ9MJ0e6p/56I/E/r5Xo8NRLqYgTTQSeLAoTBnUER4HADpUEazYwBGFJza0Q95BEWJvYCiYE9+/L06R+WHadsntzVKwcZ3HkwTbYASXgghNQAZegCmoAgwfwBF7Aq/VoPVtv1vukNWdlM5vgF6yPb03ZlLA=</latexit>

Pqrp =
p
BAarm(a+ a+)

<latexit sha1_base64="ol8/5FfEO1VRmRzADcM+oPln1mM=">AAACFXicbVDLSgNBEJyNrxhfqx69DAYhEgm7IupFiHrxGME8IImhdzJJhszsbmZmhbDsT3jxV7x4UMSr4M2/cfI4aGJBQ1HVTXeXF3KmtON8W6mFxaXllfRqZm19Y3PL3t6pqCCShJZJwANZ80BRznxa1kxzWgslBeFxWvX61yO/+kClYoF/p4chbQro+qzDCGgjteyjUituSIEHMkzwBW6ogdTxVYIvJzJIkeAc4DyG+/xhy846BWcMPE/cKcmiKUot+6vRDkgkqK8JB6XqrhPqZgxSM8JpkmlEioZA+tCldUN9EFQ14/FXCT4wSht3AmnK13is/p6IQSg1FJ7pFKB7atYbif959Uh3zpsx88NIU59MFnUijnWARxHhNpOUaD40BIhk5lZMeiCBaBNkxoTgzr48TyrHBdcpuLcn2eLpNI402kP7KIdcdIaK6AaVUBkR9Iie0St6s56sF+vd+pi0pqzpzC76A+vzB3JrnQM=</latexit><latexit sha1_base64="ol8/5FfEO1VRmRzADcM+oPln1mM=">AAACFXicbVDLSgNBEJyNrxhfqx69DAYhEgm7IupFiHrxGME8IImhdzJJhszsbmZmhbDsT3jxV7x4UMSr4M2/cfI4aGJBQ1HVTXeXF3KmtON8W6mFxaXllfRqZm19Y3PL3t6pqCCShJZJwANZ80BRznxa1kxzWgslBeFxWvX61yO/+kClYoF/p4chbQro+qzDCGgjteyjUituSIEHMkzwBW6ogdTxVYIvJzJIkeAc4DyG+/xhy846BWcMPE/cKcmiKUot+6vRDkgkqK8JB6XqrhPqZgxSM8JpkmlEioZA+tCldUN9EFQ14/FXCT4wSht3AmnK13is/p6IQSg1FJ7pFKB7atYbif959Uh3zpsx88NIU59MFnUijnWARxHhNpOUaD40BIhk5lZMeiCBaBNkxoTgzr48TyrHBdcpuLcn2eLpNI402kP7KIdcdIaK6AaVUBkR9Iie0St6s56sF+vd+pi0pqzpzC76A+vzB3JrnQM=</latexit><latexit sha1_base64="ol8/5FfEO1VRmRzADcM+oPln1mM=">AAACFXicbVDLSgNBEJyNrxhfqx69DAYhEgm7IupFiHrxGME8IImhdzJJhszsbmZmhbDsT3jxV7x4UMSr4M2/cfI4aGJBQ1HVTXeXF3KmtON8W6mFxaXllfRqZm19Y3PL3t6pqCCShJZJwANZ80BRznxa1kxzWgslBeFxWvX61yO/+kClYoF/p4chbQro+qzDCGgjteyjUituSIEHMkzwBW6ogdTxVYIvJzJIkeAc4DyG+/xhy846BWcMPE/cKcmiKUot+6vRDkgkqK8JB6XqrhPqZgxSM8JpkmlEioZA+tCldUN9EFQ14/FXCT4wSht3AmnK13is/p6IQSg1FJ7pFKB7atYbif959Uh3zpsx88NIU59MFnUijnWARxHhNpOUaD40BIhk5lZMeiCBaBNkxoTgzr48TyrHBdcpuLcn2eLpNI402kP7KIdcdIaK6AaVUBkR9Iie0St6s56sF+vd+pi0pqzpzC76A+vzB3JrnQM=</latexit><latexit sha1_base64="ol8/5FfEO1VRmRzADcM+oPln1mM=">AAACFXicbVDLSgNBEJyNrxhfqx69DAYhEgm7IupFiHrxGME8IImhdzJJhszsbmZmhbDsT3jxV7x4UMSr4M2/cfI4aGJBQ1HVTXeXF3KmtON8W6mFxaXllfRqZm19Y3PL3t6pqCCShJZJwANZ80BRznxa1kxzWgslBeFxWvX61yO/+kClYoF/p4chbQro+qzDCGgjteyjUituSIEHMkzwBW6ogdTxVYIvJzJIkeAc4DyG+/xhy846BWcMPE/cKcmiKUot+6vRDkgkqK8JB6XqrhPqZgxSM8JpkmlEioZA+tCldUN9EFQ14/FXCT4wSht3AmnK13is/p6IQSg1FJ7pFKB7atYbif959Uh3zpsx88NIU59MFnUijnWARxHhNpOUaD40BIhk5lZMeiCBaBNkxoTgzr48TyrHBdcpuLcn2eLpNI402kP7KIdcdIaK6AaVUBkR9Iie0St6s56sF+vd+pi0pqzpzC76A+vzB3JrnQM=</latexit>

Exercise: calculate quantum noise in the LIGO detectors

Fqrp =
2Pqrp

c
<latexit sha1_base64="qgH9hwWHuR6yh99R3gPOcANnofY=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclaSIuhEKgrisYB/QhDCZTtqhM5M4MxFKyBe48VfcuFDErWt3/o3TNqC2HrhwOOde7r0nTBhV2nG+rKXlldW19dJGeXNre2fX3ttvqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOLid+555IRWNxq8cJ8TkaCBpRjLSRArt6FWSe5PBOJjm8gF4kEc7qsPmj5hnOA7vi1Jwp4CJxC1IBBZqB/en1Y5xyIjRmSKme6yTaz5DUFDOSl71UkQThERqQnqECcaL8bPpODqtG6cMolqaEhlP190SGuFJjHppOjvRQzXsT8T+vl+ro3M+oSFJNBJ4tilIGdQwn2cA+lQRrNjYEYUnNrRAPkUlEmwTLJgR3/uVF0q7XXKfm3pxUGqdFHCVwCI7AMXDBGWiAa9AELYDBA3gCL+DVerSerTfrfda6ZBUzB+APrI9vmLubyw==</latexit><latexit sha1_base64="qgH9hwWHuR6yh99R3gPOcANnofY=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclaSIuhEKgrisYB/QhDCZTtqhM5M4MxFKyBe48VfcuFDErWt3/o3TNqC2HrhwOOde7r0nTBhV2nG+rKXlldW19dJGeXNre2fX3ttvqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOLid+555IRWNxq8cJ8TkaCBpRjLSRArt6FWSe5PBOJjm8gF4kEc7qsPmj5hnOA7vi1Jwp4CJxC1IBBZqB/en1Y5xyIjRmSKme6yTaz5DUFDOSl71UkQThERqQnqECcaL8bPpODqtG6cMolqaEhlP190SGuFJjHppOjvRQzXsT8T+vl+ro3M+oSFJNBJ4tilIGdQwn2cA+lQRrNjYEYUnNrRAPkUlEmwTLJgR3/uVF0q7XXKfm3pxUGqdFHCVwCI7AMXDBGWiAa9AELYDBA3gCL+DVerSerTfrfda6ZBUzB+APrI9vmLubyw==</latexit><latexit sha1_base64="qgH9hwWHuR6yh99R3gPOcANnofY=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclaSIuhEKgrisYB/QhDCZTtqhM5M4MxFKyBe48VfcuFDErWt3/o3TNqC2HrhwOOde7r0nTBhV2nG+rKXlldW19dJGeXNre2fX3ttvqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOLid+555IRWNxq8cJ8TkaCBpRjLSRArt6FWSe5PBOJjm8gF4kEc7qsPmj5hnOA7vi1Jwp4CJxC1IBBZqB/en1Y5xyIjRmSKme6yTaz5DUFDOSl71UkQThERqQnqECcaL8bPpODqtG6cMolqaEhlP190SGuFJjHppOjvRQzXsT8T+vl+ro3M+oSFJNBJ4tilIGdQwn2cA+lQRrNjYEYUnNrRAPkUlEmwTLJgR3/uVF0q7XXKfm3pxUGqdFHCVwCI7AMXDBGWiAa9AELYDBA3gCL+DVerSerTfrfda6ZBUzB+APrI9vmLubyw==</latexit><latexit sha1_base64="qgH9hwWHuR6yh99R3gPOcANnofY=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclaSIuhEKgrisYB/QhDCZTtqhM5M4MxFKyBe48VfcuFDErWt3/o3TNqC2HrhwOOde7r0nTBhV2nG+rKXlldW19dJGeXNre2fX3ttvqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOLid+555IRWNxq8cJ8TkaCBpRjLSRArt6FWSe5PBOJjm8gF4kEc7qsPmj5hnOA7vi1Jwp4CJxC1IBBZqB/en1Y5xyIjRmSKme6yTaz5DUFDOSl71UkQThERqQnqECcaL8bPpODqtG6cMolqaEhlP190SGuFJjHppOjvRQzXsT8T+vl+ro3M+oSFJNBJ4tilIGdQwn2cA+lQRrNjYEYUnNrRAPkUlEmwTLJgR3/uVF0q7XXKfm3pxUGqdFHCVwCI7AMXDBGWiAa9AELYDBA3gCL+DVerSerTfrfda6ZBUzB+APrI9vmLubyw==</latexit>

a
<latexit sha1_base64="IqJ99OlZRWf78vj3mFDxfaG7V5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15V6LY+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz+/wYzZ</latexit><latexit sha1_base64="IqJ99OlZRWf78vj3mFDxfaG7V5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15V6LY+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz+/wYzZ</latexit><latexit sha1_base64="IqJ99OlZRWf78vj3mFDxfaG7V5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15V6LY+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz+/wYzZ</latexit><latexit sha1_base64="IqJ99OlZRWf78vj3mFDxfaG7V5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15V6LY+jCGdwDpfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz+/wYzZ</latexit>

Aarm =
p
BA

<latexit sha1_base64="efVnuRrgfxoahhzrkr3unuzdFGM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIqBuh1Y3LCvYBTQiT6aQdOjOJMxOhhLjxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfD67HffiBS0Vjc6VFCfI76gkYUI22kwN6vB5knOUSS5/ASeupe6uwqh/XArjhVZwI4T9yCVECBRmB/eb0Yp5wIjRlSqus6ifYzJDXFjORlL1UkQXiI+qRrqECcKD+bfJDDI6P0YBRLU0LDifp7IkNcqREPTSdHeqBmvbH4n9dNdXThZ1QkqSYCTxdFKYM6huM4YI9KgjUbGYKwpOZWiAdIIqxNaGUTgjv78jxpnVRdp+renlZqZ0UcJXAADsExcME5qIEb0ABNgMEjeAav4M16sl6sd+tj2rpgFTN74A+szx8m3ZYA</latexit><latexit sha1_base64="efVnuRrgfxoahhzrkr3unuzdFGM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIqBuh1Y3LCvYBTQiT6aQdOjOJMxOhhLjxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfD67HffiBS0Vjc6VFCfI76gkYUI22kwN6vB5knOUSS5/ASeupe6uwqh/XArjhVZwI4T9yCVECBRmB/eb0Yp5wIjRlSqus6ifYzJDXFjORlL1UkQXiI+qRrqECcKD+bfJDDI6P0YBRLU0LDifp7IkNcqREPTSdHeqBmvbH4n9dNdXThZ1QkqSYCTxdFKYM6huM4YI9KgjUbGYKwpOZWiAdIIqxNaGUTgjv78jxpnVRdp+renlZqZ0UcJXAADsExcME5qIEb0ABNgMEjeAav4M16sl6sd+tj2rpgFTN74A+szx8m3ZYA</latexit><latexit sha1_base64="efVnuRrgfxoahhzrkr3unuzdFGM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIqBuh1Y3LCvYBTQiT6aQdOjOJMxOhhLjxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfD67HffiBS0Vjc6VFCfI76gkYUI22kwN6vB5knOUSS5/ASeupe6uwqh/XArjhVZwI4T9yCVECBRmB/eb0Yp5wIjRlSqus6ifYzJDXFjORlL1UkQXiI+qRrqECcKD+bfJDDI6P0YBRLU0LDifp7IkNcqREPTSdHeqBmvbH4n9dNdXThZ1QkqSYCTxdFKYM6huM4YI9KgjUbGYKwpOZWiAdIIqxNaGUTgjv78jxpnVRdp+renlZqZ0UcJXAADsExcME5qIEb0ABNgMEjeAav4M16sl6sd+tj2rpgFTN74A+szx8m3ZYA</latexit><latexit sha1_base64="efVnuRrgfxoahhzrkr3unuzdFGM=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIqBuh1Y3LCvYBTQiT6aQdOjOJMxOhhLjxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JE0aVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfD67HffiBS0Vjc6VFCfI76gkYUI22kwN6vB5knOUSS5/ASeupe6uwqh/XArjhVZwI4T9yCVECBRmB/eb0Yp5wIjRlSqus6ifYzJDXFjORlL1UkQXiI+qRrqECcKD+bfJDDI6P0YBRLU0LDifp7IkNcqREPTSdHeqBmvbH4n9dNdXThZ1QkqSYCTxdFKYM6huM4YI9KgjUbGYKwpOZWiAdIIqxNaGUTgjv78jxpnVRdp+renlZqZ0UcJXAADsExcME5qIEb0ABNgMEjeAav4M16sl6sd+tj2rpgFTN74A+szx8m3ZYA</latexit>

B is the power build-up in the resonator



Future directions

● Two more science runs in the current configuration
» Population of compact binaries
» More neutron star mergers
» Neutron star – black hole binary
» Tests of general relativity

● A+ upgrade (2024): better coatings, improved 
quantum noise (double the range)

● Possible post A+ upgrade at room temperature 
(improve high frequencies)

● Cryogenic LIGO, new facilities

27



Estimated sensitivities
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Neutron star equation of state

29
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Future facilities

30
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Conclusions

● The current LIGO detectors approach their design 
sensitivity.

● Future studies will target population statistics, physics 
of neutron stars and cosmology.
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Extra slides
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