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<latexit sha1_base64="sm8Afiz5Qk2eHPxpRkYS3i1kr3Q=">AAAB+3icdVDLSgNBEJz1bXxFPXoZDIIHXWbX9ZGb6MWjgolCEsPspKNDZh/M9Iph2V/x4kERr/6IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnS3PzC4lJ5eaVukkwLqIlEJfoy5AaUjKGGEhVcphp4FCq4CHvHA//iFrSRSXyO/RRaEb+OZVcKjlZql1c8dpVvB0Vzq4lwhznUi3a5wly2E+yxKmWuH1T96o4lu8xn+z71XDZEhYxw2i6/NTuJyCKIUShuTMNjKbZyrlEKBUWpmRlIuejxa2hYGvMITCsf3l7QDat0aDfRtmKkQ/X7RM4jY/pRaDsjjjfmtzcQ//IaGXYPWrmM0wwhFp+LupmimNBBELQjNQhUfUu40NLeSsUN11ygjatkQ/j6lP5P6r7rBe7uWVA5PBrFMUPWyDrZJB7ZJ4fkhJySGhHkjtyTR/LkFM6D8+y8fLaOOaOZVfIDzusHebiUHg==</latexit>

10�3 eV

<latexit sha1_base64="fWhLWw+DLjsAJdQkX17V8U75M0U=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB40GV2Ex+5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTExOTc/MFuaK8wuLS8ullXLTxKkW0BCxivVFwA0oGUEDJSq4SDTwMFBwHtwcDf3zW9BGxtEZDhLohPwqkn0pOFqpWyp77DLbrubtrTbCHWbQzLulCnNZtbbL6pS5fq3u16uW7DCf7fnUc9kIFTLGSbf01u7FIg0hQqG4MS2PJdjJuEYpFOTFdmog4eKGX0HL0oiHYDrZ6PacblilR/uxthUhHanfJzIeGjMIA9sZcrw2v72h+JfXSrG/38lklKQIkfhc1E8VxZgOg6A9qUGgGljChZb2ViquueYCbVxFG8LXp/R/0vRdr+bunNYqB4fjOApkjayTTeKRPXJAjskJaRBB7sg9eSRPTu48OM/Oy2frhDOeWSU/4Lx+AHgolB0=</latexit>

0.3 eV

<latexit sha1_base64="2fdliu52b3G1ynu5fOs9lKmKheU=">AAAB9XicdVDLSgNBEJz1GeMr6tHLYBA8yDLZJMbcgl48KpgoJDHMTjpxyOyDmV41LPkPLx4U8eq/ePNvnMQIKlrQUFR1093lx0oaZOzdmZmdm19YzCxll1dW19ZzG5sNEyVaQF1EKtKXPjegZAh1lKjgMtbAA1/BhT84HvsXN6CNjMJzHMbQDng/lD0pOFrpirnF1n4L4Q5TaIw6uTxzWbF0wKqUuV6p6lWLlpSZxyoeLbhsgjyZ4rSTe2t1I5EEEKJQ3JhmgcXYTrlGKRSMsq3EQMzFgPehaWnIAzDtdHL1iO5apUt7kbYVIp2o3ydSHhgzDHzbGXC8Nr+9sfiX10ywd9hOZRgnCKH4XNRLFMWIjiOgXalBoBpawoWW9lYqrrnmAm1QWRvC16f0f9Lw3ELJLZ+V8rWjaRwZsk12yB4pkAqpkRNySupEEE3uySN5cm6dB+fZeflsnXGmM1vkB5zXDwcNkj4=</latexit>

103 eV

<latexit sha1_base64="zhf0pMt4I1UPQPjwy0hSmS1qERw=">AAAB+nicdVDJSgNBEO1xN25Rj14ag+BBhp5JXHITvXhUMImQxNDTqWiTnoXuGjWM+RQvHhTx6pd482/sLIKKPih4vFdFVb0gUdIgYx/OxOTU9Mzs3HxuYXFpeSW/ulY1caoFVESsYn0RcANKRlBBiQouEg08DBTUgu7xwK/dgDYyjs6xl0Az5FeR7EjB0Uqt/KrHLrNiv7HTQLjDDKr9Vr7AXFYs7bEyZa5fKvvloiW7zGf7PvVcNkSBjHHayr832rFIQ4hQKG5M3WMJNjOuUQoF/VwjNZBw0eVXULc04iGYZjY8vU+3rNKmnVjbipAO1e8TGQ+N6YWB7Qw5Xpvf3kD8y6un2DloZjJKUoRIjBZ1UkUxpoMcaFtqEKh6lnChpb2VimuuuUCbVs6G8PUp/Z9UfdcrubtnpcLh0TiOObJBNsk28cg+OSQn5JRUiCC35IE8kWfn3nl0XpzXUeuEM55ZJz/gvH0CC06T5g==</latexit>

108 eV

<latexit sha1_base64="u8u3V7olmL0GLw7QsTdJLxTjoxM=">AAAB+nicdVDLSgNBEJz1GeMr6tHLYBA8yDK7Jsbcgl48KpgoJDHMTjo6OPtgplcNaz7FiwdFvPol3vwbJzGCihY0FFXddHcFiZIGGXt3Jianpmdmc3P5+YXFpeXCymrDxKkWUBexivVZwA0oGUEdJSo4SzTwMFBwGlwdDP3Ta9BGxtEJ9hNoh/wikj0pOFqpU1jx2Hm2N2httxBuMYPGoFMoMpftlHZZlTLXL1X96o4lZeazik89l41QJGMcdQpvrW4s0hAiFIob0/RYgu2Ma5RCwSDfSg0kXFzxC2haGvEQTDsbnT6gm1bp0l6sbUVIR+r3iYyHxvTDwHaGHC/Nb28o/uU1U+zttTMZJSlCJD4X9VJFMabDHGhXahCo+pZwoaW9lYpLrrlAm1behvD1Kf2fNHzXK7nl41Kxtj+OI0fWyQbZIh6pkBo5JEekTgS5IffkkTw5d86D8+y8fLZOOOOZNfIDzusHEx6T6w==</latexit>

1011 eV

<latexit sha1_base64="m+iiXPVtDCgVtl+X0WJNUYgML6s=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB4kGV2TYy5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTE3PzM7NFxaKi0vLK6ultXLLxKkW0BSxivVFwA0oGUETJSq4SDTwMFBwHtwcjfzzW9BGxtEZDhPohvwqkgMpOFqpVyp77DLzvLyz00G4wwxaea9UYS7bre6xBmWuX234jV1LasxndZ96LhujQiY46ZXeOv1YpCFEKBQ3pu2xBLsZ1yiFgrzYSQ0kXNzwK2hbGvEQTDcb357TLav06SDWtiKkY/X7RMZDY4ZhYDtDjtfmtzcS//LaKQ72u5mMkhQhEp+LBqmiGNNRELQvNQhUQ0u40NLeSsU111ygjatoQ/j6lP5PWr7rVd3aabVycDiJo0A2yCbZJh6pkwNyTE5IkwhyR+7JI3lycufBeXZePlunnMnMOvkB5/UDe0yUHw==</latexit>

1021 eV

<latexit sha1_base64="3RWrdZdiT9fL0CP07yQTV6Ipkt8=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB4kGV2TYy5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTE3PzM7NFxaKi0vLK6ultXLLxKkW0BSxivVFwA0oGUETJSq4SDTwMFBwHtwcjfzzW9BGxtEZDhPohvwqkgMpOFqpVyp77DLzvbyz00G4wwxaea9UYS7bre6xBmWuX234jV1LasxndZ96LhujQiY46ZXeOv1YpCFEKBQ3pu2xBLsZ1yiFgrzYSQ0kXNzwK2hbGvEQTDcb357TLav06SDWtiKkY/X7RMZDY4ZhYDtDjtfmtzcS//LaKQ72u5mMkhQhEp+LBqmiGNNRELQvNQhUQ0u40NLeSsU111ygjatoQ/j6lP5PWr7rVd3aabVycDiJo0A2yCbZJh6pkwNyTE5IkwhyR+7JI3lycufBeXZePlunnMnMOvkB5/UDfN2UIA==</latexit>

GWs}

<latexit sha1_base64="fL/UWgtOs9GOODRc9m6LQvuzVI4=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgaZndbIy5Bb14jGJiIFnC7GQ2GTL7YGZWCCF/4MWDIl79I2/+jZOHoKIFDUVVN91dQSq40hh/WLmV1bX1jfxmYWt7Z3evuH/QUkkmKWvSRCSyHRDFBI9ZU3MtWDuVjESBYHfB6HLm390zqXgS3+pxyvyIDGIeckq0kW66016xhG1c9s5wDWHb9WpurWxIBbu46iLHxnOUYIlGr/je7Sc0i1isqSBKdRycan9CpOZUsGmhmymWEjoiA9YxNCYRU/5kfukUnRilj8JEmoo1mqvfJyYkUmocBaYzInqofnsz8S+vk+nw3J/wOM00i+liUZgJpBM0exv1uWRUi7EhhEpubkV0SCSh2oRTMCF8fYr+Jy3Xdjy7cu2V6hfLOPJwBMdwCg5UoQ5X0IAmUAjhAZ7g2RpZj9aL9bpozVnLmUP4AevtEwJFjbI=</latexit>

Cosmological GWs

!g , Torigin

<latexit sha1_base64="KO8Up+edYO3lepZlpeU7CPtaFr0=">AAACEHicbVA9TxtBEN0jJAHnAxNKmhVWBJV1FxmR0oImBQWRMFjyWae99dx55f047c4lsk7+CTT8FZoUIESbMl3+DWtzBdg8aaSn92Y0My8tpHAYhv+DtTfrb9+939hsfPj46fNWc/vLhTOl5dDjRhrbT5kDKTT0UKCEfmGBqVTCZTo5mfuXv8A6YfQ5TgsYKpZrkQnO0EtJcz82CnKW5DQ+hQytyMfIrDW/6XlSxVZR4yWhZ0mzFbbDBegqiWrSIjXOkua/eGR4qUAjl8y5QRQWOKyYRcElzBpx6aBgfMJyGHiqmQI3rBYPzehXr4xoZqwvjXShPp+omHJuqlLfqRiO3bI3F1/zBiVm34eV0EWJoPnToqyUFA2dp0NHwgJHOfWEcSv8rZSPmWUcfYYNH0K0/PIqufjWjjrtw5+dVve4jmOD7JI9ckAickS65Ac5Iz3CyRW5IbfkLrgO/gT3wcNT61pQz+yQFwj+PgJEzp1i</latexit>



LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

High-Frequency Gravitational Waves

3

10�10s10�32s 300, 000 yr 1 Gyr 14 Gyr10�4s 1 s

e

�

⌫

g

g

g

g

g

g

q

q

q

q

�

H
e

⌫ P

NN �

e

⌫

�

⌫

⌫

�

10�4 eV

<latexit sha1_base64="sm8Afiz5Qk2eHPxpRkYS3i1kr3Q=">AAAB+3icdVDLSgNBEJz1bXxFPXoZDIIHXWbX9ZGb6MWjgolCEsPspKNDZh/M9Iph2V/x4kERr/6IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnS3PzC4lJ5eaVukkwLqIlEJfoy5AaUjKGGEhVcphp4FCq4CHvHA//iFrSRSXyO/RRaEb+OZVcKjlZql1c8dpVvB0Vzq4lwhznUi3a5wly2E+yxKmWuH1T96o4lu8xn+z71XDZEhYxw2i6/NTuJyCKIUShuTMNjKbZyrlEKBUWpmRlIuejxa2hYGvMITCsf3l7QDat0aDfRtmKkQ/X7RM4jY/pRaDsjjjfmtzcQ//IaGXYPWrmM0wwhFp+LupmimNBBELQjNQhUfUu40NLeSsUN11ygjatkQ/j6lP5P6r7rBe7uWVA5PBrFMUPWyDrZJB7ZJ4fkhJySGhHkjtyTR/LkFM6D8+y8fLaOOaOZVfIDzusHebiUHg==</latexit>

10�3 eV

<latexit sha1_base64="fWhLWw+DLjsAJdQkX17V8U75M0U=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB40GV2Ex+5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTExOTc/MFuaK8wuLS8ullXLTxKkW0BCxivVFwA0oGUEDJSq4SDTwMFBwHtwcDf3zW9BGxtEZDhLohPwqkn0pOFqpWyp77DLbrubtrTbCHWbQzLulCnNZtbbL6pS5fq3u16uW7DCf7fnUc9kIFTLGSbf01u7FIg0hQqG4MS2PJdjJuEYpFOTFdmog4eKGX0HL0oiHYDrZ6PacblilR/uxthUhHanfJzIeGjMIA9sZcrw2v72h+JfXSrG/38lklKQIkfhc1E8VxZgOg6A9qUGgGljChZb2ViquueYCbVxFG8LXp/R/0vRdr+bunNYqB4fjOApkjayTTeKRPXJAjskJaRBB7sg9eSRPTu48OM/Oy2frhDOeWSU/4Lx+AHgolB0=</latexit>

0.3 eV

<latexit sha1_base64="2fdliu52b3G1ynu5fOs9lKmKheU=">AAAB9XicdVDLSgNBEJz1GeMr6tHLYBA8yDLZJMbcgl48KpgoJDHMTjpxyOyDmV41LPkPLx4U8eq/ePNvnMQIKlrQUFR1093lx0oaZOzdmZmdm19YzCxll1dW19ZzG5sNEyVaQF1EKtKXPjegZAh1lKjgMtbAA1/BhT84HvsXN6CNjMJzHMbQDng/lD0pOFrpirnF1n4L4Q5TaIw6uTxzWbF0wKqUuV6p6lWLlpSZxyoeLbhsgjyZ4rSTe2t1I5EEEKJQ3JhmgcXYTrlGKRSMsq3EQMzFgPehaWnIAzDtdHL1iO5apUt7kbYVIp2o3ydSHhgzDHzbGXC8Nr+9sfiX10ywd9hOZRgnCKH4XNRLFMWIjiOgXalBoBpawoWW9lYqrrnmAm1QWRvC16f0f9Lw3ELJLZ+V8rWjaRwZsk12yB4pkAqpkRNySupEEE3uySN5cm6dB+fZeflsnXGmM1vkB5zXDwcNkj4=</latexit>

103 eV

<latexit sha1_base64="zhf0pMt4I1UPQPjwy0hSmS1qERw=">AAAB+nicdVDJSgNBEO1xN25Rj14ag+BBhp5JXHITvXhUMImQxNDTqWiTnoXuGjWM+RQvHhTx6pd482/sLIKKPih4vFdFVb0gUdIgYx/OxOTU9Mzs3HxuYXFpeSW/ulY1caoFVESsYn0RcANKRlBBiQouEg08DBTUgu7xwK/dgDYyjs6xl0Az5FeR7EjB0Uqt/KrHLrNiv7HTQLjDDKr9Vr7AXFYs7bEyZa5fKvvloiW7zGf7PvVcNkSBjHHayr832rFIQ4hQKG5M3WMJNjOuUQoF/VwjNZBw0eVXULc04iGYZjY8vU+3rNKmnVjbipAO1e8TGQ+N6YWB7Qw5Xpvf3kD8y6un2DloZjJKUoRIjBZ1UkUxpoMcaFtqEKh6lnChpb2VimuuuUCbVs6G8PUp/Z9UfdcrubtnpcLh0TiOObJBNsk28cg+OSQn5JRUiCC35IE8kWfn3nl0XpzXUeuEM55ZJz/gvH0CC06T5g==</latexit>

108 eV

<latexit sha1_base64="u8u3V7olmL0GLw7QsTdJLxTjoxM=">AAAB+nicdVDLSgNBEJz1GeMr6tHLYBA8yDK7Jsbcgl48KpgoJDHMTjo6OPtgplcNaz7FiwdFvPol3vwbJzGCihY0FFXddHcFiZIGGXt3Jianpmdmc3P5+YXFpeXCymrDxKkWUBexivVZwA0oGUEdJSo4SzTwMFBwGlwdDP3Ta9BGxtEJ9hNoh/wikj0pOFqpU1jx2Hm2N2httxBuMYPGoFMoMpftlHZZlTLXL1X96o4lZeazik89l41QJGMcdQpvrW4s0hAiFIob0/RYgu2Ma5RCwSDfSg0kXFzxC2haGvEQTDsbnT6gm1bp0l6sbUVIR+r3iYyHxvTDwHaGHC/Nb28o/uU1U+zttTMZJSlCJD4X9VJFMabDHGhXahCo+pZwoaW9lYpLrrlAm1behvD1Kf2fNHzXK7nl41Kxtj+OI0fWyQbZIh6pkBo5JEekTgS5IffkkTw5d86D8+y8fLZOOOOZNfIDzusHEx6T6w==</latexit>

1011 eV

<latexit sha1_base64="m+iiXPVtDCgVtl+X0WJNUYgML6s=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB4kGV2TYy5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTE3PzM7NFxaKi0vLK6ultXLLxKkW0BSxivVFwA0oGUETJSq4SDTwMFBwHtwcjfzzW9BGxtEZDhPohvwqkgMpOFqpVyp77DLzvLyz00G4wwxaea9UYS7bre6xBmWuX234jV1LasxndZ96LhujQiY46ZXeOv1YpCFEKBQ3pu2xBLsZ1yiFgrzYSQ0kXNzwK2hbGvEQTDcb357TLav06SDWtiKkY/X7RMZDY4ZhYDtDjtfmtzcS//LaKQ72u5mMkhQhEp+LBqmiGNNRELQvNQhUQ0u40NLeSsU111ygjatoQ/j6lP5PWr7rVd3aabVycDiJo0A2yCbZJh6pkwNyTE5IkwhyR+7JI3lycufBeXZePlunnMnMOvkB5/UDe0yUHw==</latexit>

1021 eV

<latexit sha1_base64="3RWrdZdiT9fL0CP07yQTV6Ipkt8=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB4kGV2TYy5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTE3PzM7NFxaKi0vLK6ultXLLxKkW0BSxivVFwA0oGUETJSq4SDTwMFBwHtwcjfzzW9BGxtEZDhPohvwqkgMpOFqpVyp77DLzvbyz00G4wwxaea9UYS7bre6xBmWuX234jV1LasxndZ96LhujQiY46ZXeOv1YpCFEKBQ3pu2xBLsZ1yiFgrzYSQ0kXNzwK2hbGvEQTDcb357TLav06SDWtiKkY/X7RMZDY4ZhYDtDjtfmtzcS//LaKQ72u5mMkhQhEp+LBqmiGNNRELQvNQhUQ0u40NLeSsU111ygjatoQ/j6lP5PWr7rVd3aabVycDiJo0A2yCbZJh6pkwNyTE5IkwhyR+7JI3lycufBeXZePlunnMnMOvkB5/UDfN2UIA==</latexit>

GWs}

<latexit sha1_base64="fL/UWgtOs9GOODRc9m6LQvuzVI4=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgaZndbIy5Bb14jGJiIFnC7GQ2GTL7YGZWCCF/4MWDIl79I2/+jZOHoKIFDUVVN91dQSq40hh/WLmV1bX1jfxmYWt7Z3evuH/QUkkmKWvSRCSyHRDFBI9ZU3MtWDuVjESBYHfB6HLm390zqXgS3+pxyvyIDGIeckq0kW66016xhG1c9s5wDWHb9WpurWxIBbu46iLHxnOUYIlGr/je7Sc0i1isqSBKdRycan9CpOZUsGmhmymWEjoiA9YxNCYRU/5kfukUnRilj8JEmoo1mqvfJyYkUmocBaYzInqofnsz8S+vk+nw3J/wOM00i+liUZgJpBM0exv1uWRUi7EhhEpubkV0SCSh2oRTMCF8fYr+Jy3Xdjy7cu2V6hfLOPJwBMdwCg5UoQ5X0IAmUAjhAZ7g2RpZj9aL9bpozVnLmUP4AevtEwJFjbI=</latexit>

Cosmological GWs

!g , Torigin

<latexit sha1_base64="KO8Up+edYO3lepZlpeU7CPtaFr0=">AAACEHicbVA9TxtBEN0jJAHnAxNKmhVWBJV1FxmR0oImBQWRMFjyWae99dx55f047c4lsk7+CTT8FZoUIESbMl3+DWtzBdg8aaSn92Y0My8tpHAYhv+DtTfrb9+939hsfPj46fNWc/vLhTOl5dDjRhrbT5kDKTT0UKCEfmGBqVTCZTo5mfuXv8A6YfQ5TgsYKpZrkQnO0EtJcz82CnKW5DQ+hQytyMfIrDW/6XlSxVZR4yWhZ0mzFbbDBegqiWrSIjXOkua/eGR4qUAjl8y5QRQWOKyYRcElzBpx6aBgfMJyGHiqmQI3rBYPzehXr4xoZqwvjXShPp+omHJuqlLfqRiO3bI3F1/zBiVm34eV0EWJoPnToqyUFA2dp0NHwgJHOfWEcSv8rZSPmWUcfYYNH0K0/PIqufjWjjrtw5+dVve4jmOD7JI9ckAickS65Ac5Iz3CyRW5IbfkLrgO/gT3wcNT61pQz+yQFwj+PgJEzp1i</latexit>

Astrophysical GWs

!g , ⇤origin

<latexit sha1_base64="m4cHLZtJK8z1R7JUA/rOuIWae+s=">AAACFnicbVA9bxNBEN0zhAQTwISSZoWFlCbWHQpKyog0KVIkEk4s+azT3HruvPJ+nHbngqyTfwVN/kqaFESIFqXj37B2XEDMk1Z6+97M7M7LKyU9xfHvqPXk6cazza3n7RfbL1+97rzZufC2dgL7wirrBjl4VNJgnyQpHFQOQecKL/Pp8cK/vELnpTVfaFbhSENpZCEFUJCyzl5qNZaQlTw9xYKcLCcEztmv4R6mjCFrUqe5DYY086zTjXvxEnydJCvSZSucZZ37dGxFrdGQUOD9MIkrGjXgSAqF83Zae6xATKHEYaAGNPpRs1xrzj8EZcwL68IxxJfq3x0NaO9nOg+VGmjiH3sL8X/esKbicNRIU9WERjw8VNSKk+WLjPhYOhSkZoGAcDL8lYsJOBAUkmyHEJLHK6+Ti4+9ZL/36Xy/e/R5FccWe8fes12WsAN2xE7YGeszwb6xG/ad3UXX0W30I/r5UNqKVj1v2T+Ifv0B+pSf5w==</latexit>
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<latexit sha1_base64="sm8Afiz5Qk2eHPxpRkYS3i1kr3Q=">AAAB+3icdVDLSgNBEJz1bXxFPXoZDIIHXWbX9ZGb6MWjgolCEsPspKNDZh/M9Iph2V/x4kERr/6IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnS3PzC4lJ5eaVukkwLqIlEJfoy5AaUjKGGEhVcphp4FCq4CHvHA//iFrSRSXyO/RRaEb+OZVcKjlZql1c8dpVvB0Vzq4lwhznUi3a5wly2E+yxKmWuH1T96o4lu8xn+z71XDZEhYxw2i6/NTuJyCKIUShuTMNjKbZyrlEKBUWpmRlIuejxa2hYGvMITCsf3l7QDat0aDfRtmKkQ/X7RM4jY/pRaDsjjjfmtzcQ//IaGXYPWrmM0wwhFp+LupmimNBBELQjNQhUfUu40NLeSsUN11ygjatkQ/j6lP5P6r7rBe7uWVA5PBrFMUPWyDrZJB7ZJ4fkhJySGhHkjtyTR/LkFM6D8+y8fLaOOaOZVfIDzusHebiUHg==</latexit>

10�3 eV

<latexit sha1_base64="fWhLWw+DLjsAJdQkX17V8U75M0U=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB40GV2Ex+5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTExOTc/MFuaK8wuLS8ullXLTxKkW0BCxivVFwA0oGUEDJSq4SDTwMFBwHtwcDf3zW9BGxtEZDhLohPwqkn0pOFqpWyp77DLbrubtrTbCHWbQzLulCnNZtbbL6pS5fq3u16uW7DCf7fnUc9kIFTLGSbf01u7FIg0hQqG4MS2PJdjJuEYpFOTFdmog4eKGX0HL0oiHYDrZ6PacblilR/uxthUhHanfJzIeGjMIA9sZcrw2v72h+JfXSrG/38lklKQIkfhc1E8VxZgOg6A9qUGgGljChZb2ViquueYCbVxFG8LXp/R/0vRdr+bunNYqB4fjOApkjayTTeKRPXJAjskJaRBB7sg9eSRPTu48OM/Oy2frhDOeWSU/4Lx+AHgolB0=</latexit>

0.3 eV

<latexit sha1_base64="2fdliu52b3G1ynu5fOs9lKmKheU=">AAAB9XicdVDLSgNBEJz1GeMr6tHLYBA8yDLZJMbcgl48KpgoJDHMTjpxyOyDmV41LPkPLx4U8eq/ePNvnMQIKlrQUFR1093lx0oaZOzdmZmdm19YzCxll1dW19ZzG5sNEyVaQF1EKtKXPjegZAh1lKjgMtbAA1/BhT84HvsXN6CNjMJzHMbQDng/lD0pOFrpirnF1n4L4Q5TaIw6uTxzWbF0wKqUuV6p6lWLlpSZxyoeLbhsgjyZ4rSTe2t1I5EEEKJQ3JhmgcXYTrlGKRSMsq3EQMzFgPehaWnIAzDtdHL1iO5apUt7kbYVIp2o3ydSHhgzDHzbGXC8Nr+9sfiX10ywd9hOZRgnCKH4XNRLFMWIjiOgXalBoBpawoWW9lYqrrnmAm1QWRvC16f0f9Lw3ELJLZ+V8rWjaRwZsk12yB4pkAqpkRNySupEEE3uySN5cm6dB+fZeflsnXGmM1vkB5zXDwcNkj4=</latexit>

103 eV

<latexit sha1_base64="zhf0pMt4I1UPQPjwy0hSmS1qERw=">AAAB+nicdVDJSgNBEO1xN25Rj14ag+BBhp5JXHITvXhUMImQxNDTqWiTnoXuGjWM+RQvHhTx6pd482/sLIKKPih4vFdFVb0gUdIgYx/OxOTU9Mzs3HxuYXFpeSW/ulY1caoFVESsYn0RcANKRlBBiQouEg08DBTUgu7xwK/dgDYyjs6xl0Az5FeR7EjB0Uqt/KrHLrNiv7HTQLjDDKr9Vr7AXFYs7bEyZa5fKvvloiW7zGf7PvVcNkSBjHHayr832rFIQ4hQKG5M3WMJNjOuUQoF/VwjNZBw0eVXULc04iGYZjY8vU+3rNKmnVjbipAO1e8TGQ+N6YWB7Qw5Xpvf3kD8y6un2DloZjJKUoRIjBZ1UkUxpoMcaFtqEKh6lnChpb2VimuuuUCbVs6G8PUp/Z9UfdcrubtnpcLh0TiOObJBNsk28cg+OSQn5JRUiCC35IE8kWfn3nl0XpzXUeuEM55ZJz/gvH0CC06T5g==</latexit>

108 eV

<latexit sha1_base64="u8u3V7olmL0GLw7QsTdJLxTjoxM=">AAAB+nicdVDLSgNBEJz1GeMr6tHLYBA8yDK7Jsbcgl48KpgoJDHMTjo6OPtgplcNaz7FiwdFvPol3vwbJzGCihY0FFXddHcFiZIGGXt3Jianpmdmc3P5+YXFpeXCymrDxKkWUBexivVZwA0oGUEdJSo4SzTwMFBwGlwdDP3Ta9BGxtEJ9hNoh/wikj0pOFqpU1jx2Hm2N2httxBuMYPGoFMoMpftlHZZlTLXL1X96o4lZeazik89l41QJGMcdQpvrW4s0hAiFIob0/RYgu2Ma5RCwSDfSg0kXFzxC2haGvEQTDsbnT6gm1bp0l6sbUVIR+r3iYyHxvTDwHaGHC/Nb28o/uU1U+zttTMZJSlCJD4X9VJFMabDHGhXahCo+pZwoaW9lYpLrrlAm1behvD1Kf2fNHzXK7nl41Kxtj+OI0fWyQbZIh6pkBo5JEekTgS5IffkkTw5d86D8+y8fLZOOOOZNfIDzusHEx6T6w==</latexit>

1011 eV

<latexit sha1_base64="m+iiXPVtDCgVtl+X0WJNUYgML6s=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB4kGV2TYy5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTE3PzM7NFxaKi0vLK6ultXLLxKkW0BSxivVFwA0oGUETJSq4SDTwMFBwHtwcjfzzW9BGxtEZDhPohvwqkgMpOFqpVyp77DLzvLyz00G4wwxaea9UYS7bre6xBmWuX234jV1LasxndZ96LhujQiY46ZXeOv1YpCFEKBQ3pu2xBLsZ1yiFgrzYSQ0kXNzwK2hbGvEQTDcb357TLav06SDWtiKkY/X7RMZDY4ZhYDtDjtfmtzcS//LaKQ72u5mMkhQhEp+LBqmiGNNRELQvNQhUQ0u40NLeSsU111ygjatoQ/j6lP5PWr7rVd3aabVycDiJo0A2yCbZJh6pkwNyTE5IkwhyR+7JI3lycufBeXZePlunnMnMOvkB5/UDe0yUHw==</latexit>

1021 eV

<latexit sha1_base64="3RWrdZdiT9fL0CP07yQTV6Ipkt8=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB4kGV2TYy5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTE3PzM7NFxaKi0vLK6ultXLLxKkW0BSxivVFwA0oGUETJSq4SDTwMFBwHtwcjfzzW9BGxtEZDhPohvwqkgMpOFqpVyp77DLzvbyz00G4wwxaea9UYS7bre6xBmWuX234jV1LasxndZ96LhujQiY46ZXeOv1YpCFEKBQ3pu2xBLsZ1yiFgrzYSQ0kXNzwK2hbGvEQTDcb357TLav06SDWtiKkY/X7RMZDY4ZhYDtDjtfmtzcS//LaKQ72u5mMkhQhEp+LBqmiGNNRELQvNQhUQ0u40NLeSsU111ygjatoQ/j6lP5PWr7rVd3aabVycDiJo0A2yCbZJh6pkwNyTE5IkwhyR+7JI3lycufBeXZePlunnMnMOvkB5/UDfN2UIA==</latexit>

GWs}

<latexit sha1_base64="fL/UWgtOs9GOODRc9m6LQvuzVI4=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgaZndbIy5Bb14jGJiIFnC7GQ2GTL7YGZWCCF/4MWDIl79I2/+jZOHoKIFDUVVN91dQSq40hh/WLmV1bX1jfxmYWt7Z3evuH/QUkkmKWvSRCSyHRDFBI9ZU3MtWDuVjESBYHfB6HLm390zqXgS3+pxyvyIDGIeckq0kW66016xhG1c9s5wDWHb9WpurWxIBbu46iLHxnOUYIlGr/je7Sc0i1isqSBKdRycan9CpOZUsGmhmymWEjoiA9YxNCYRU/5kfukUnRilj8JEmoo1mqvfJyYkUmocBaYzInqofnsz8S+vk+nw3J/wOM00i+liUZgJpBM0exv1uWRUi7EhhEpubkV0SCSh2oRTMCF8fYr+Jy3Xdjy7cu2V6hfLOPJwBMdwCg5UoQ5X0IAmUAjhAZ7g2RpZj9aL9bpozVnLmUP4AevtEwJFjbI=</latexit>

Cosmological GWs

!g , Torigin

<latexit sha1_base64="KO8Up+edYO3lepZlpeU7CPtaFr0=">AAACEHicbVA9TxtBEN0jJAHnAxNKmhVWBJV1FxmR0oImBQWRMFjyWae99dx55f047c4lsk7+CTT8FZoUIESbMl3+DWtzBdg8aaSn92Y0My8tpHAYhv+DtTfrb9+939hsfPj46fNWc/vLhTOl5dDjRhrbT5kDKTT0UKCEfmGBqVTCZTo5mfuXv8A6YfQ5TgsYKpZrkQnO0EtJcz82CnKW5DQ+hQytyMfIrDW/6XlSxVZR4yWhZ0mzFbbDBegqiWrSIjXOkua/eGR4qUAjl8y5QRQWOKyYRcElzBpx6aBgfMJyGHiqmQI3rBYPzehXr4xoZqwvjXShPp+omHJuqlLfqRiO3bI3F1/zBiVm34eV0EWJoPnToqyUFA2dp0NHwgJHOfWEcSv8rZSPmWUcfYYNH0K0/PIqufjWjjrtw5+dVve4jmOD7JI9ckAickS65Ac5Iz3CyRW5IbfkLrgO/gT3wcNT61pQz+yQFwj+PgJEzp1i</latexit>

Astrophysical GWs

!g , ⇤origin

<latexit sha1_base64="m4cHLZtJK8z1R7JUA/rOuIWae+s=">AAACFnicbVA9bxNBEN0zhAQTwISSZoWFlCbWHQpKyog0KVIkEk4s+azT3HruvPJ+nHbngqyTfwVN/kqaFESIFqXj37B2XEDMk1Z6+97M7M7LKyU9xfHvqPXk6cazza3n7RfbL1+97rzZufC2dgL7wirrBjl4VNJgnyQpHFQOQecKL/Pp8cK/vELnpTVfaFbhSENpZCEFUJCyzl5qNZaQlTw9xYKcLCcEztmv4R6mjCFrUqe5DYY086zTjXvxEnydJCvSZSucZZ37dGxFrdGQUOD9MIkrGjXgSAqF83Zae6xATKHEYaAGNPpRs1xrzj8EZcwL68IxxJfq3x0NaO9nOg+VGmjiH3sL8X/esKbicNRIU9WERjw8VNSKk+WLjPhYOhSkZoGAcDL8lYsJOBAUkmyHEJLHK6+Ti4+9ZL/36Xy/e/R5FccWe8fes12WsAN2xE7YGeszwb6xG/ad3UXX0W30I/r5UNqKVj1v2T+Ifv0B+pSf5w==</latexit>

HFGWs to probe BSM Cosmology
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<latexit sha1_base64="sm8Afiz5Qk2eHPxpRkYS3i1kr3Q=">AAAB+3icdVDLSgNBEJz1bXxFPXoZDIIHXWbX9ZGb6MWjgolCEsPspKNDZh/M9Iph2V/x4kERr/6IN//GSYygogUNRVU33V1hqqRBxt6dsfGJyanpmdnS3PzC4lJ5eaVukkwLqIlEJfoy5AaUjKGGEhVcphp4FCq4CHvHA//iFrSRSXyO/RRaEb+OZVcKjlZql1c8dpVvB0Vzq4lwhznUi3a5wly2E+yxKmWuH1T96o4lu8xn+z71XDZEhYxw2i6/NTuJyCKIUShuTMNjKbZyrlEKBUWpmRlIuejxa2hYGvMITCsf3l7QDat0aDfRtmKkQ/X7RM4jY/pRaDsjjjfmtzcQ//IaGXYPWrmM0wwhFp+LupmimNBBELQjNQhUfUu40NLeSsUN11ygjatkQ/j6lP5P6r7rBe7uWVA5PBrFMUPWyDrZJB7ZJ4fkhJySGhHkjtyTR/LkFM6D8+y8fLaOOaOZVfIDzusHebiUHg==</latexit>

10�3 eV

<latexit sha1_base64="fWhLWw+DLjsAJdQkX17V8U75M0U=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB40GV2Ex+5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTExOTc/MFuaK8wuLS8ullXLTxKkW0BCxivVFwA0oGUEDJSq4SDTwMFBwHtwcDf3zW9BGxtEZDhLohPwqkn0pOFqpWyp77DLbrubtrTbCHWbQzLulCnNZtbbL6pS5fq3u16uW7DCf7fnUc9kIFTLGSbf01u7FIg0hQqG4MS2PJdjJuEYpFOTFdmog4eKGX0HL0oiHYDrZ6PacblilR/uxthUhHanfJzIeGjMIA9sZcrw2v72h+JfXSrG/38lklKQIkfhc1E8VxZgOg6A9qUGgGljChZb2ViquueYCbVxFG8LXp/R/0vRdr+bunNYqB4fjOApkjayTTeKRPXJAjskJaRBB7sg9eSRPTu48OM/Oy2frhDOeWSU/4Lx+AHgolB0=</latexit>

0.3 eV

<latexit sha1_base64="2fdliu52b3G1ynu5fOs9lKmKheU=">AAAB9XicdVDLSgNBEJz1GeMr6tHLYBA8yDLZJMbcgl48KpgoJDHMTjpxyOyDmV41LPkPLx4U8eq/ePNvnMQIKlrQUFR1093lx0oaZOzdmZmdm19YzCxll1dW19ZzG5sNEyVaQF1EKtKXPjegZAh1lKjgMtbAA1/BhT84HvsXN6CNjMJzHMbQDng/lD0pOFrpirnF1n4L4Q5TaIw6uTxzWbF0wKqUuV6p6lWLlpSZxyoeLbhsgjyZ4rSTe2t1I5EEEKJQ3JhmgcXYTrlGKRSMsq3EQMzFgPehaWnIAzDtdHL1iO5apUt7kbYVIp2o3ydSHhgzDHzbGXC8Nr+9sfiX10ywd9hOZRgnCKH4XNRLFMWIjiOgXalBoBpawoWW9lYqrrnmAm1QWRvC16f0f9Lw3ELJLZ+V8rWjaRwZsk12yB4pkAqpkRNySupEEE3uySN5cm6dB+fZeflsnXGmM1vkB5zXDwcNkj4=</latexit>

103 eV

<latexit sha1_base64="zhf0pMt4I1UPQPjwy0hSmS1qERw=">AAAB+nicdVDJSgNBEO1xN25Rj14ag+BBhp5JXHITvXhUMImQxNDTqWiTnoXuGjWM+RQvHhTx6pd482/sLIKKPih4vFdFVb0gUdIgYx/OxOTU9Mzs3HxuYXFpeSW/ulY1caoFVESsYn0RcANKRlBBiQouEg08DBTUgu7xwK/dgDYyjs6xl0Az5FeR7EjB0Uqt/KrHLrNiv7HTQLjDDKr9Vr7AXFYs7bEyZa5fKvvloiW7zGf7PvVcNkSBjHHayr832rFIQ4hQKG5M3WMJNjOuUQoF/VwjNZBw0eVXULc04iGYZjY8vU+3rNKmnVjbipAO1e8TGQ+N6YWB7Qw5Xpvf3kD8y6un2DloZjJKUoRIjBZ1UkUxpoMcaFtqEKh6lnChpb2VimuuuUCbVs6G8PUp/Z9UfdcrubtnpcLh0TiOObJBNsk28cg+OSQn5JRUiCC35IE8kWfn3nl0XpzXUeuEM55ZJz/gvH0CC06T5g==</latexit>

108 eV

<latexit sha1_base64="u8u3V7olmL0GLw7QsTdJLxTjoxM=">AAAB+nicdVDLSgNBEJz1GeMr6tHLYBA8yDK7Jsbcgl48KpgoJDHMTjo6OPtgplcNaz7FiwdFvPol3vwbJzGCihY0FFXddHcFiZIGGXt3Jianpmdmc3P5+YXFpeXCymrDxKkWUBexivVZwA0oGUEdJSo4SzTwMFBwGlwdDP3Ta9BGxtEJ9hNoh/wikj0pOFqpU1jx2Hm2N2httxBuMYPGoFMoMpftlHZZlTLXL1X96o4lZeazik89l41QJGMcdQpvrW4s0hAiFIob0/RYgu2Ma5RCwSDfSg0kXFzxC2haGvEQTDsbnT6gm1bp0l6sbUVIR+r3iYyHxvTDwHaGHC/Nb28o/uU1U+zttTMZJSlCJD4X9VJFMabDHGhXahCo+pZwoaW9lYpLrrlAm1behvD1Kf2fNHzXK7nl41Kxtj+OI0fWyQbZIh6pkBo5JEekTgS5IffkkTw5d86D8+y8fLZOOOOZNfIDzusHEx6T6w==</latexit>

1011 eV

<latexit sha1_base64="m+iiXPVtDCgVtl+X0WJNUYgML6s=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB4kGV2TYy5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTE3PzM7NFxaKi0vLK6ultXLLxKkW0BSxivVFwA0oGUETJSq4SDTwMFBwHtwcjfzzW9BGxtEZDhPohvwqkgMpOFqpVyp77DLzvLyz00G4wwxaea9UYS7bre6xBmWuX234jV1LasxndZ96LhujQiY46ZXeOv1YpCFEKBQ3pu2xBLsZ1yiFgrzYSQ0kXNzwK2hbGvEQTDcb357TLav06SDWtiKkY/X7RMZDY4ZhYDtDjtfmtzcS//LaKQ72u5mMkhQhEp+LBqmiGNNRELQvNQhUQ0u40NLeSsU111ygjatoQ/j6lP5PWr7rVd3aabVycDiJo0A2yCbZJh6pkwNyTE5IkwhyR+7JI3lycufBeXZePlunnMnMOvkB5/UDe0yUHw==</latexit>

1021 eV

<latexit sha1_base64="3RWrdZdiT9fL0CP07yQTV6Ipkt8=">AAAB+3icdVDLSgNBEJz1GeMrxqOXwSB4kGV2TYy5iV48KpgoJDHMTjo6OPtgplcMy/6KFw+KePVHvPk3TmIEFS1oKKq66e4KEiUNMvbuTE3PzM7NFxaKi0vLK6ultXLLxKkW0BSxivVFwA0oGUETJSq4SDTwMFBwHtwcjfzzW9BGxtEZDhPohvwqkgMpOFqpVyp77DLzvbyz00G4wwxaea9UYS7bre6xBmWuX234jV1LasxndZ96LhujQiY46ZXeOv1YpCFEKBQ3pu2xBLsZ1yiFgrzYSQ0kXNzwK2hbGvEQTDcb357TLav06SDWtiKkY/X7RMZDY4ZhYDtDjtfmtzcS//LaKQ72u5mMkhQhEp+LBqmiGNNRELQvNQhUQ0u40NLeSsU111ygjatoQ/j6lP5PWr7rVd3aabVycDiJo0A2yCbZJh6pkwNyTE5IkwhyR+7JI3lycufBeXZePlunnMnMOvkB5/UDfN2UIA==</latexit>

GWs}

<latexit sha1_base64="fL/UWgtOs9GOODRc9m6LQvuzVI4=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgaZndbIy5Bb14jGJiIFnC7GQ2GTL7YGZWCCF/4MWDIl79I2/+jZOHoKIFDUVVN91dQSq40hh/WLmV1bX1jfxmYWt7Z3evuH/QUkkmKWvSRCSyHRDFBI9ZU3MtWDuVjESBYHfB6HLm390zqXgS3+pxyvyIDGIeckq0kW66016xhG1c9s5wDWHb9WpurWxIBbu46iLHxnOUYIlGr/je7Sc0i1isqSBKdRycan9CpOZUsGmhmymWEjoiA9YxNCYRU/5kfukUnRilj8JEmoo1mqvfJyYkUmocBaYzInqofnsz8S+vk+nw3J/wOM00i+liUZgJpBM0exv1uWRUi7EhhEpubkV0SCSh2oRTMCF8fYr+Jy3Xdjy7cu2V6hfLOPJwBMdwCg5UoQ5X0IAmUAjhAZ7g2RpZj9aL9bpozVnLmUP4AevtEwJFjbI=</latexit>

Cosmological GWs

!g , Torigin

<latexit sha1_base64="KO8Up+edYO3lepZlpeU7CPtaFr0=">AAACEHicbVA9TxtBEN0jJAHnAxNKmhVWBJV1FxmR0oImBQWRMFjyWae99dx55f047c4lsk7+CTT8FZoUIESbMl3+DWtzBdg8aaSn92Y0My8tpHAYhv+DtTfrb9+939hsfPj46fNWc/vLhTOl5dDjRhrbT5kDKTT0UKCEfmGBqVTCZTo5mfuXv8A6YfQ5TgsYKpZrkQnO0EtJcz82CnKW5DQ+hQytyMfIrDW/6XlSxVZR4yWhZ0mzFbbDBegqiWrSIjXOkua/eGR4qUAjl8y5QRQWOKyYRcElzBpx6aBgfMJyGHiqmQI3rBYPzehXr4xoZqwvjXShPp+omHJuqlLfqRiO3bI3F1/zBiVm34eV0EWJoPnToqyUFA2dp0NHwgJHOfWEcSv8rZSPmWUcfYYNH0K0/PIqufjWjjrtw5+dVve4jmOD7JI9ckAickS65Ac5Iz3CyRW5IbfkLrgO/gT3wcNT61pQz+yQFwj+PgJEzp1i</latexit>

Astrophysical GWs

!g , ⇤origin

<latexit sha1_base64="m4cHLZtJK8z1R7JUA/rOuIWae+s=">AAACFnicbVA9bxNBEN0zhAQTwISSZoWFlCbWHQpKyog0KVIkEk4s+azT3HruvPJ+nHbngqyTfwVN/kqaFESIFqXj37B2XEDMk1Z6+97M7M7LKyU9xfHvqPXk6cazza3n7RfbL1+97rzZufC2dgL7wirrBjl4VNJgnyQpHFQOQecKL/Pp8cK/vELnpTVfaFbhSENpZCEFUJCyzl5qNZaQlTw9xYKcLCcEztmv4R6mjCFrUqe5DYY086zTjXvxEnydJCvSZSucZZ37dGxFrdGQUOD9MIkrGjXgSAqF83Zae6xATKHEYaAGNPpRs1xrzj8EZcwL68IxxJfq3x0NaO9nOg+VGmjiH3sL8X/esKbicNRIU9WERjw8VNSKk+WLjPhYOhSkZoGAcDL8lYsJOBAUkmyHEJLHK6+Ti4+9ZL/36Xy/e/R5FccWe8fes12WsAN2xE7YGeszwb6xG/ad3UXX0W30I/r5UNqKVj1v2T+Ifv0B+pSf5w==</latexit>

HFGWs to probe BSM Cosmology

HFGWs to probe Dark Matter



DETECTION HEURISTICS

How do we measure GWs?
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Detector Energy

5

Uin ⇠ hE0(t)E
⇤
0 (t)iVdet

<latexit sha1_base64="OAK4YDHE/ivl6U9YyR4YYJLDuTw=">AAACJHicbVDLSgMxFM34tr6qLt0Ei6AuyowoCm5EEVwq2Cp06pBJb2tokhmSO0IZ+jFu/BU3Lnzgwo3fYtrpwteBwOGcc7m5J06lsOj7H97Y+MTk1PTMbGlufmFxqby8UrdJZjjUeCITcx0zC1JoqKFACdepAaZiCVdx92TgX92BsSLRl9hLoalYR4u24AydFJUPa1EeGkWF7tPQCkVDyXRHAj2N/E3coqc32wUJTaHXi3wLsB+VK37VH4L+JcGIVMgI51H5NWwlPFOgkUtmbSPwU2zmzKDgEvqlMLOQMt5lHWg4qpkC28yHR/bphlNatJ0Y9zTSofp9ImfK2p6KXVIxvLW/vYH4n9fIsH3QzIVOMwTNi0XtTFJM6KAx2hIGOMqeI4wb4f5K+S0zjKPrteRKCH6f/JfUd6rBbnXvYrdydDyqY4askXWySQKyT47IGTknNcLJPXkkz+TFe/CevDfvvYiOeaOZVfID3ucXhS+i5w==</latexit>

Detector stores EM energy:
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Detector Energy

5

Uin ⇠ hE0(t)E
⇤
0 (t)iVdet

<latexit sha1_base64="OAK4YDHE/ivl6U9YyR4YYJLDuTw=">AAACJHicbVDLSgMxFM34tr6qLt0Ei6AuyowoCm5EEVwq2Cp06pBJb2tokhmSO0IZ+jFu/BU3Lnzgwo3fYtrpwteBwOGcc7m5J06lsOj7H97Y+MTk1PTMbGlufmFxqby8UrdJZjjUeCITcx0zC1JoqKFACdepAaZiCVdx92TgX92BsSLRl9hLoalYR4u24AydFJUPa1EeGkWF7tPQCkVDyXRHAj2N/E3coqc32wUJTaHXi3wLsB+VK37VH4L+JcGIVMgI51H5NWwlPFOgkUtmbSPwU2zmzKDgEvqlMLOQMt5lHWg4qpkC28yHR/bphlNatJ0Y9zTSofp9ImfK2p6KXVIxvLW/vYH4n9fIsH3QzIVOMwTNi0XtTFJM6KAx2hIGOMqeI4wb4f5K+S0zjKPrteRKCH6f/JfUd6rBbnXvYrdydDyqY4askXWySQKyT47IGTknNcLJPXkkz+TFe/CevDfvvYiOeaOZVfID3ucXhS+i5w==</latexit>

In frequency space, effect of GWs on the stored energy more clear

Uh ⇠
✓
hE0(!)E

⇤
h(!)i+ hEh(!)E

⇤
h(!)i

◆
Vdet

<latexit sha1_base64="d83/JKVeA3SlJBopJOKI3s4HRe0="></latexit>

Detector stores EM energy:
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Detector Energy

5

Uin ⇠ hE0(t)E
⇤
0 (t)iVdet

<latexit sha1_base64="OAK4YDHE/ivl6U9YyR4YYJLDuTw=">AAACJHicbVDLSgMxFM34tr6qLt0Ei6AuyowoCm5EEVwq2Cp06pBJb2tokhmSO0IZ+jFu/BU3Lnzgwo3fYtrpwteBwOGcc7m5J06lsOj7H97Y+MTk1PTMbGlufmFxqby8UrdJZjjUeCITcx0zC1JoqKFACdepAaZiCVdx92TgX92BsSLRl9hLoalYR4u24AydFJUPa1EeGkWF7tPQCkVDyXRHAj2N/E3coqc32wUJTaHXi3wLsB+VK37VH4L+JcGIVMgI51H5NWwlPFOgkUtmbSPwU2zmzKDgEvqlMLOQMt5lHWg4qpkC28yHR/bphlNatJ0Y9zTSofp9ImfK2p6KXVIxvLW/vYH4n9fIsH3QzIVOMwTNi0XtTFJM6KAx2hIGOMqeI4wb4f5K+S0zjKPrteRKCH6f/JfUd6rBbnXvYrdydDyqY4askXWySQKyT47IGTknNcLJPXkkz+TFe/CevDfvvYiOeaOZVfID3ucXhS+i5w==</latexit>

In frequency space, effect of GWs on the stored energy more clear

Uh ⇠
✓
hE0(!)E

⇤
h(!)i+ hEh(!)E

⇤
h(!)i

◆
Vdet

<latexit sha1_base64="d83/JKVeA3SlJBopJOKI3s4HRe0="></latexit>

Linear signal: e.g. interferometers

Detector stores EM energy:
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Detector Energy

5

Uin ⇠ hE0(t)E
⇤
0 (t)iVdet

<latexit sha1_base64="OAK4YDHE/ivl6U9YyR4YYJLDuTw=">AAACJHicbVDLSgMxFM34tr6qLt0Ei6AuyowoCm5EEVwq2Cp06pBJb2tokhmSO0IZ+jFu/BU3Lnzgwo3fYtrpwteBwOGcc7m5J06lsOj7H97Y+MTk1PTMbGlufmFxqby8UrdJZjjUeCITcx0zC1JoqKFACdepAaZiCVdx92TgX92BsSLRl9hLoalYR4u24AydFJUPa1EeGkWF7tPQCkVDyXRHAj2N/E3coqc32wUJTaHXi3wLsB+VK37VH4L+JcGIVMgI51H5NWwlPFOgkUtmbSPwU2zmzKDgEvqlMLOQMt5lHWg4qpkC28yHR/bphlNatJ0Y9zTSofp9ImfK2p6KXVIxvLW/vYH4n9fIsH3QzIVOMwTNi0XtTFJM6KAx2hIGOMqeI4wb4f5K+S0zjKPrteRKCH6f/JfUd6rBbnXvYrdydDyqY4askXWySQKyT47IGTknNcLJPXkkz+TFe/CevDfvvYiOeaOZVfID3ucXhS+i5w==</latexit>

In frequency space, effect of GWs on the stored energy more clear

Uh ⇠
✓
hE0(!)E

⇤
h(!)i+ hEh(!)E

⇤
h(!)i

◆
Vdet

<latexit sha1_base64="d83/JKVeA3SlJBopJOKI3s4HRe0="></latexit>

Linear signal: e.g. interferometers Quadratic signal: e.g. power measurement

Detector stores EM energy:
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Detector Energy

5

Uin ⇠ hE0(t)E
⇤
0 (t)iVdet

<latexit sha1_base64="OAK4YDHE/ivl6U9YyR4YYJLDuTw=">AAACJHicbVDLSgMxFM34tr6qLt0Ei6AuyowoCm5EEVwq2Cp06pBJb2tokhmSO0IZ+jFu/BU3Lnzgwo3fYtrpwteBwOGcc7m5J06lsOj7H97Y+MTk1PTMbGlufmFxqby8UrdJZjjUeCITcx0zC1JoqKFACdepAaZiCVdx92TgX92BsSLRl9hLoalYR4u24AydFJUPa1EeGkWF7tPQCkVDyXRHAj2N/E3coqc32wUJTaHXi3wLsB+VK37VH4L+JcGIVMgI51H5NWwlPFOgkUtmbSPwU2zmzKDgEvqlMLOQMt5lHWg4qpkC28yHR/bphlNatJ0Y9zTSofp9ImfK2p6KXVIxvLW/vYH4n9fIsH3QzIVOMwTNi0XtTFJM6KAx2hIGOMqeI4wb4f5K+S0zjKPrteRKCH6f/JfUd6rBbnXvYrdydDyqY4askXWySQKyT47IGTknNcLJPXkkz+TFe/CevDfvvYiOeaOZVfID3ucXhS+i5w==</latexit>

In frequency space, effect of GWs on the stored energy more clear

Uh ⇠
✓
hE0(!)E

⇤
h(!)i+ hEh(!)E

⇤
h(!)i

◆
Vdet

<latexit sha1_base64="d83/JKVeA3SlJBopJOKI3s4HRe0="></latexit>

Linear signal: e.g. interferometers Quadratic signal: e.g. power measurement

Detector stores EM energy:

Clearly better, right?
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Detector Energy: Quadratic Detector

6

Uq
h ⇠ hEh(!)E

⇤
h(!)iVdet

<latexit sha1_base64="Khmi5194ahO8gNK6+CsuV3C8JpM="></latexit>

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

E(!)

<latexit sha1_base64="LDcM+vwlOixOMkLbv23Mxv8rJ6g=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBDiJexKRI9BETxGMA9JljA76U2GzGOZmRVCyFd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xmdvKb+/s7u0XDg4bRqWaQp0qrnQrIgY4k1C3zHJoJRqIiDg0o+HN1G8+gTZMyQc7SiAUpC9ZzCixTnq8LXWUgD456xaKftmfAS+TICNFlKHWLXx1eoqmAqSlnBjTDvzEhmOiLaMcJvlOaiAhdEj60HZUEgEmHM8OnuBTp/RwrLQrafFM/T0xJsKYkYhcpyB2YBa9qfif105tfBWOmUxSC5LOF8Upx1bh6fe4xzRQy0eOEKqZuxXTAdGEWpdR3oUQLL68TBrn5aBSvrivFKvXWRw5dIxOUAkF6BJV0R2qoTqiSKBn9IrePO29eO/ex7x1xctmjtAfeJ8/6qWP1w==</latexit>

E0

<latexit sha1_base64="jMyHraqPPxssNa3HWFcNHC+pHa4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/A410</latexit>

E1(!)

<latexit sha1_base64="w9I5JuV47uTLIM7xN02v+pqHDTg=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXKnosiuCxgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYW9/Y3Cpul3Z29/YPyodHbaNSTVmLKqF0NySGCS5ZCzgI1k00I3EoWCcc3878zhPThiv5CJOEBTEZSh5xSsBK/l3fq/ZUzIbkvF+uuDV3DrxKvJxUUI5mv/zVGyiaxkwCFcQY33MTCDKigVPBpqVealhC6JgMmW+pJDEzQTY/eYrPrDLAkdK2JOC5+nsiI7Exkzi0nTGBkVn2ZuJ/np9CdB1kXCYpMEkXi6JUYFB49j8ecM0oiIklhGpub8V0RDShYFMq2RC85ZdXSfui5tVrlw/1SuMmj6OITtApqiIPXaEGukdN1EIUKfSMXtGbA86L8+58LFoLTj5zjP7A+fwBFFaQew==</latexit>

E1
h(!)

<latexit sha1_base64="VoayeaRIVXhH0QQAi1RU0jJkxxM=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpexKRY9FETxWsB/QriWbzrahSXZNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777aysrq1vbOa28ts7u3v7hYPDho4SRaFOIx6pVkA0cCahbpjh0IoVEBFwaAbDm6nfHIHSLJIPZhyDL0hfspBRYqzk33YHj16pEwnok7NuoeiW3RnwMvEyUkQZat3CV6cX0USANJQTrdueGxs/JcowymGS7yQaYkKHpA9tSyURoP10dvQEn1qlh8NI2ZIGz9TfEykRWo9FYDsFMQO96E3F/7x2YsIrP2UyTgxIOl8UJhybCE8TwD2mgBo+toRQxeytmA6IItTYnPI2BG/x5WXSOC97lfLFfaVYvc7iyKFjdIJKyEOXqIruUA3VEUVP6Bm9ojdn5Lw4787HvHXFyWaO0B84nz+TFZFV</latexit>

E0
h(!)

<latexit sha1_base64="UmBD9ohO8fzS2BdwU/xvpIDh6JY=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpexKRY9FETxWsB/QriWbzrahSXZNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777aysrq1vbOa28ts7u3v7hYPDho4SRaFOIx6pVkA0cCahbpjh0IoVEBFwaAbDm6nfHIHSLJIPZhyDL0hfspBRYqzk33YHj26pEwnok7NuoeiW3RnwMvEyUkQZat3CV6cX0USANJQTrdueGxs/JcowymGS7yQaYkKHpA9tSyURoP10dvQEn1qlh8NI2ZIGz9TfEykRWo9FYDsFMQO96E3F/7x2YsIrP2UyTgxIOl8UJhybCE8TwD2mgBo+toRQxeytmA6IItTYnPI2BG/x5WXSOC97lfLFfaVYvc7iyKFjdIJKyEOXqIruUA3VEUVP6Bm9ojdn5Lw4787HvHXFyWaO0B84nz+RiZFU</latexit>
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Detector Energy: Quadratic Detector

6

Uq
h ⇠ hEh(!)E

⇤
h(!)iVdet

<latexit sha1_base64="Khmi5194ahO8gNK6+CsuV3C8JpM="></latexit>

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

E(!)

<latexit sha1_base64="LDcM+vwlOixOMkLbv23Mxv8rJ6g=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBDiJexKRI9BETxGMA9JljA76U2GzGOZmRVCyFd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xmdvKb+/s7u0XDg4bRqWaQp0qrnQrIgY4k1C3zHJoJRqIiDg0o+HN1G8+gTZMyQc7SiAUpC9ZzCixTnq8LXWUgD456xaKftmfAS+TICNFlKHWLXx1eoqmAqSlnBjTDvzEhmOiLaMcJvlOaiAhdEj60HZUEgEmHM8OnuBTp/RwrLQrafFM/T0xJsKYkYhcpyB2YBa9qfif105tfBWOmUxSC5LOF8Upx1bh6fe4xzRQy0eOEKqZuxXTAdGEWpdR3oUQLL68TBrn5aBSvrivFKvXWRw5dIxOUAkF6BJV0R2qoTqiSKBn9IrePO29eO/ex7x1xctmjtAfeJ8/6qWP1w==</latexit>

E0

<latexit sha1_base64="jMyHraqPPxssNa3HWFcNHC+pHa4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/A410</latexit>

E1(!)

<latexit sha1_base64="w9I5JuV47uTLIM7xN02v+pqHDTg=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXKnosiuCxgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYW9/Y3Cpul3Z29/YPyodHbaNSTVmLKqF0NySGCS5ZCzgI1k00I3EoWCcc3878zhPThiv5CJOEBTEZSh5xSsBK/l3fq/ZUzIbkvF+uuDV3DrxKvJxUUI5mv/zVGyiaxkwCFcQY33MTCDKigVPBpqVealhC6JgMmW+pJDEzQTY/eYrPrDLAkdK2JOC5+nsiI7Exkzi0nTGBkVn2ZuJ/np9CdB1kXCYpMEkXi6JUYFB49j8ecM0oiIklhGpub8V0RDShYFMq2RC85ZdXSfui5tVrlw/1SuMmj6OITtApqiIPXaEGukdN1EIUKfSMXtGbA86L8+58LFoLTj5zjP7A+fwBFFaQew==</latexit>

E1
h(!)

<latexit sha1_base64="VoayeaRIVXhH0QQAi1RU0jJkxxM=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpexKRY9FETxWsB/QriWbzrahSXZNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777aysrq1vbOa28ts7u3v7hYPDho4SRaFOIx6pVkA0cCahbpjh0IoVEBFwaAbDm6nfHIHSLJIPZhyDL0hfspBRYqzk33YHj16pEwnok7NuoeiW3RnwMvEyUkQZat3CV6cX0USANJQTrdueGxs/JcowymGS7yQaYkKHpA9tSyURoP10dvQEn1qlh8NI2ZIGz9TfEykRWo9FYDsFMQO96E3F/7x2YsIrP2UyTgxIOl8UJhybCE8TwD2mgBo+toRQxeytmA6IItTYnPI2BG/x5WXSOC97lfLFfaVYvc7iyKFjdIJKyEOXqIruUA3VEUVP6Bm9ojdn5Lw4787HvHXFyWaO0B84nz+TFZFV</latexit>

E0
h(!)

<latexit sha1_base64="UmBD9ohO8fzS2BdwU/xvpIDh6JY=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpexKRY9FETxWsB/QriWbzrahSXZNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777aysrq1vbOa28ts7u3v7hYPDho4SRaFOIx6pVkA0cCahbpjh0IoVEBFwaAbDm6nfHIHSLJIPZhyDL0hfspBRYqzk33YHj26pEwnok7NuoeiW3RnwMvEyUkQZat3CV6cX0USANJQTrdueGxs/JcowymGS7yQaYkKHpA9tSyURoP10dvQEn1qlh8NI2ZIGz9TfEykRWo9FYDsFMQO96E3F/7x2YsIrP2UyTgxIOl8UJhybCE8TwD2mgBo+toRQxeytmA6IItTYnPI2BG/x5WXSOC97lfLFfaVYvc7iyKFjdIJKyEOXqIruUA3VEUVP6Bm9ojdn5Lw4787HvHXFyWaO0B84nz+RiZFU</latexit>

Experiment can be performed such that background energy at detection frequency ~ zero

N�
bg =

✓
1

2

◆

ba

+

✓
1

2

◆

0pt

<latexit sha1_base64="KFbQZtFTQurcPxs1EddcWSjjejI="></latexit>
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7

Minimum detectable power seen by detector

Pmin ⇠
(N�

bg)
1/2 !

tint

<latexit sha1_base64="pcS31Bb5Vw40my74fmF5H7GHgOw="></latexit>
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Detector Energy: Quadratic Detector

7

Minimum detectable power seen by detector

Pmin ⇠
(N�

bg)
1/2 !

tint

<latexit sha1_base64="pcS31Bb5Vw40my74fmF5H7GHgOw="></latexit>

Psig ⇠ h2|T (!)|2 !Uin

<latexit sha1_base64="xgVRLWvIAzRHL1mXnHeNacCmVx4="></latexit>

Signal power in quadratic measurement
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Detector Energy: Quadratic Detector

7

Minimum detectable power seen by detector

Pmin ⇠
(N�

bg)
1/2 !

tint

<latexit sha1_base64="pcS31Bb5Vw40my74fmF5H7GHgOw="></latexit>

Psig ⇠ h2|T (!)|2 !Uin

<latexit sha1_base64="xgVRLWvIAzRHL1mXnHeNacCmVx4="></latexit>

Signal power in quadratic measurement

hq
min ⇠ 1p

Uintint

1

T (!)

<latexit sha1_base64="5loaEJCvcqRg1jM6Fezr7+m3LYA="></latexit>

Best possible sensitivity:
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Detector Energy: Linear Detector
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Uq
h ⇠ hEh(!)E

⇤
h(!)iVdet

<latexit sha1_base64="Khmi5194ahO8gNK6+CsuV3C8JpM="></latexit>

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

E(!)

<latexit sha1_base64="LDcM+vwlOixOMkLbv23Mxv8rJ6g=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBDiJexKRI9BETxGMA9JljA76U2GzGOZmRVCyFd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xmdvKb+/s7u0XDg4bRqWaQp0qrnQrIgY4k1C3zHJoJRqIiDg0o+HN1G8+gTZMyQc7SiAUpC9ZzCixTnq8LXWUgD456xaKftmfAS+TICNFlKHWLXx1eoqmAqSlnBjTDvzEhmOiLaMcJvlOaiAhdEj60HZUEgEmHM8OnuBTp/RwrLQrafFM/T0xJsKYkYhcpyB2YBa9qfif105tfBWOmUxSC5LOF8Upx1bh6fe4xzRQy0eOEKqZuxXTAdGEWpdR3oUQLL68TBrn5aBSvrivFKvXWRw5dIxOUAkF6BJV0R2qoTqiSKBn9IrePO29eO/ex7x1xctmjtAfeJ8/6qWP1w==</latexit>

E0
h(!)

<latexit sha1_base64="UmBD9ohO8fzS2BdwU/xvpIDh6JY=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpexKRY9FETxWsB/QriWbzrahSXZNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777aysrq1vbOa28ts7u3v7hYPDho4SRaFOIx6pVkA0cCahbpjh0IoVEBFwaAbDm6nfHIHSLJIPZhyDL0hfspBRYqzk33YHj26pEwnok7NuoeiW3RnwMvEyUkQZat3CV6cX0USANJQTrdueGxs/JcowymGS7yQaYkKHpA9tSyURoP10dvQEn1qlh8NI2ZIGz9TfEykRWo9FYDsFMQO96E3F/7x2YsIrP2UyTgxIOl8UJhybCE8TwD2mgBo+toRQxeytmA6IItTYnPI2BG/x5WXSOC97lfLFfaVYvc7iyKFjdIJKyEOXqIruUA3VEUVP6Bm9ojdn5Lw4787HvHXFyWaO0B84nz+RiZFU</latexit>

E0(!)

<latexit sha1_base64="AfTZVO/tMu5WGi2+z3HcBZDqayo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXKnosiuCxgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYW9/Y3Cpul3Z29/YPyodHbaNSTVmLKqF0NySGCS5ZCzgI1k00I3EoWCcc3878zhPThiv5CJOEBTEZSh5xSsBK/l3frfZUzIbkvF+uuDV3DrxKvJxUUI5mv/zVGyiaxkwCFcQY33MTCDKigVPBpqVealhC6JgMmW+pJDEzQTY/eYrPrDLAkdK2JOC5+nsiI7Exkzi0nTGBkVn2ZuJ/np9CdB1kXCYpMEkXi6JUYFB49j8ecM0oiIklhGpub8V0RDShYFMq2RC85ZdXSfui5tVrlw/1SuMmj6OITtApqiIPXaEGukdN1EIUKfSMXtGbA86L8+58LFoLTj5zjP7A+fwBEsqQeg==</latexit>
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Detector Energy: Linear Detector

8

Uq
h ⇠ hEh(!)E

⇤
h(!)iVdet

<latexit sha1_base64="Khmi5194ahO8gNK6+CsuV3C8JpM="></latexit>

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

E(!)

<latexit sha1_base64="LDcM+vwlOixOMkLbv23Mxv8rJ6g=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBDiJexKRI9BETxGMA9JljA76U2GzGOZmRVCyFd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xmdvKb+/s7u0XDg4bRqWaQp0qrnQrIgY4k1C3zHJoJRqIiDg0o+HN1G8+gTZMyQc7SiAUpC9ZzCixTnq8LXWUgD456xaKftmfAS+TICNFlKHWLXx1eoqmAqSlnBjTDvzEhmOiLaMcJvlOaiAhdEj60HZUEgEmHM8OnuBTp/RwrLQrafFM/T0xJsKYkYhcpyB2YBa9qfif105tfBWOmUxSC5LOF8Upx1bh6fe4xzRQy0eOEKqZuxXTAdGEWpdR3oUQLL68TBrn5aBSvrivFKvXWRw5dIxOUAkF6BJV0R2qoTqiSKBn9IrePO29eO/ex7x1xctmjtAfeJ8/6qWP1w==</latexit>

E0
h(!)

<latexit sha1_base64="UmBD9ohO8fzS2BdwU/xvpIDh6JY=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpexKRY9FETxWsB/QriWbzrahSXZNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777aysrq1vbOa28ts7u3v7hYPDho4SRaFOIx6pVkA0cCahbpjh0IoVEBFwaAbDm6nfHIHSLJIPZhyDL0hfspBRYqzk33YHj26pEwnok7NuoeiW3RnwMvEyUkQZat3CV6cX0USANJQTrdueGxs/JcowymGS7yQaYkKHpA9tSyURoP10dvQEn1qlh8NI2ZIGz9TfEykRWo9FYDsFMQO96E3F/7x2YsIrP2UyTgxIOl8UJhybCE8TwD2mgBo+toRQxeytmA6IItTYnPI2BG/x5WXSOC97lfLFfaVYvc7iyKFjdIJKyEOXqIruUA3VEUVP6Bm9ojdn5Lw4787HvHXFyWaO0B84nz+RiZFU</latexit>

E0(!)

<latexit sha1_base64="AfTZVO/tMu5WGi2+z3HcBZDqayo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXKnosiuCxgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYW9/Y3Cpul3Z29/YPyodHbaNSTVmLKqF0NySGCS5ZCzgI1k00I3EoWCcc3878zhPThiv5CJOEBTEZSh5xSsBK/l3frfZUzIbkvF+uuDV3DrxKvJxUUI5mv/zVGyiaxkwCFcQY33MTCDKigVPBpqVealhC6JgMmW+pJDEzQTY/eYrPrDLAkdK2JOC5+nsiI7Exkzi0nTGBkVn2ZuJ/np9CdB1kXCYpMEkXi6JUYFB49j8ecM0oiIklhGpub8V0RDShYFMq2RC85ZdXSfui5tVrlw/1SuMmj6OITtApqiIPXaEGukdN1EIUKfSMXtGbA86L8+58LFoLTj5zjP7A+fwBEsqQeg==</latexit>

Experiment is performed such that hE0(!)E
⇤
0 (!)i 6= 0

<latexit sha1_base64="U4I/uEeLdBChgvVesMTz/Q7id4A=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoLsqMVHRZFMFlBfuAzjhk0ts2NJMZk4xQSn/Djb/ixoUiLnXl35g+EG09EDg551ySe8KEM6Ud58vKLCwuLa9kV3Nr6xubW/b2Tk3FqaRQpTGPZSMkCjgTUNVMc2gkEkgUcqiHvYuRX78HqVgsbnQ/AT8iHcHajBJtpMB2PE5EhwO+DJyCF0fQIYcjfnv0c/PkJOEJuMNOYOedojMGnifulOTRFJXA/vBaMU0jEJpyolTTdRLtD4jUjHIY5rxUQUJoj3SgaaggESh/MN5siA+M0sLtWJojNB6rvycGJFKqH4UmGRHdVbPeSPzPa6a6feYPmEhSDYJOHmqnHOsYj2rCLSaBat43hFDJzF8x7RJJqDZl5kwJ7uzK86R2XHRLxZPrUr58Pq0ji/bQPiogF52iMrpCFVRFFD2gJ/SCXq1H69l6s94n0Yw1ndlFf2B9fgO5+p5D</latexit>

N�
bg ⇠ Uin tint

<latexit sha1_base64="AmEn4uyu3C7y75nRGGjc6uhz90Y=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXEiZkYoui25cSQVbC51aMmnahiaZITkjlGHewo2v4saFIm5159uYXgRt/SHw8Z9zODl/GAtuwPO+nNzC4tLySn61sLa+sbnlbu/UTZRoymo0EpFuhMQwwRWrAQfBGrFmRIaC3YaDi1H99p5pwyN1A8OYtSTpKd7llIC12m7pqp0GWuKwl90FPSIlwYHhEtcmNldZcAQ/DFnbLXolbyw8D/4Uimiqatv9DDoRTSRTQAUxpul7MbRSooFTwbJCkBgWEzogPda0qIhkppWO78rwgXU6uBtp+xTgsft7IiXSmKEMback0DeztZH5X62ZQPeslXIVJ8AUnSzqJgJDhEch4Q7XjIIYWiBUc/tXTPtEEwo2yoINwZ89eR7qxyW/XDq5Lhcr59M48mgP7aND5KNTVEGXqIpqiKIH9IRe0Kvz6Dw7b877pDXnTGd20R85H9/cdJ/B</latexit>
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Noise power seen by detector

Pmin ⇠ !

✓
Uin

tint

◆1/2

<latexit sha1_base64="E1TDQ/6noNGdTecQaWJyiPumal0="></latexit>
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9

Noise power seen by detector

Pmin ⇠ !

✓
Uin

tint

◆1/2

<latexit sha1_base64="E1TDQ/6noNGdTecQaWJyiPumal0="></latexit>

Signal power in linear measurement

Psig ⇠ h T (!)!Uin

<latexit sha1_base64="VkQ7s5pIJdqOVClQ04z1XEFBbtg=">AAACJnicbVDLSgMxFM34rPVVdekmWIQKpcxIRTdC0Y3LCp220Awlk6ZtaJIZkoxQhvkaN/6KGxcVEXd+iuljoa0HAodz7iH3njDmTBvX/XLW1jc2t7ZzO/ndvf2Dw8LRcVNHiSLUJxGPVDvEmnImqW+Y4bQdK4pFyGkrHN1P/dYTVZpFsmHGMQ0EHkjWZwQbK3ULt/VuipSAmg0yiDQTcIjKEAlshgTztJGVUCToAF+g8pxAVPbnESazbqHoVtwZ4CrxFqQIFqh3CxPUi0giqDSEY607nhubIMXKMMJplkeJpjEmIzygHUslFlQH6ezMDJ5bpQf7kbJPGjhTfydSLLQei9BOTvfXy95U/M/rJKZ/E6RMxomhksw/6iccmghOO4M9pigxfGwJJorZXSEZYoWJsc3mbQne8smrpHlZ8aqVq8dqsXa3qCMHTsEZKAEPXIMaeAB14AMCnsErmIB358V5cz6cz/nomrPInIA/cL5/ACb/pPo=</latexit>
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9

hq
min ⇠ 1p

Uintint

1

T (!)

<latexit sha1_base64="5loaEJCvcqRg1jM6Fezr7+m3LYA="></latexit>

Best possible sensitivity:

Noise power seen by detector

Pmin ⇠ !

✓
Uin

tint

◆1/2

<latexit sha1_base64="E1TDQ/6noNGdTecQaWJyiPumal0="></latexit>

Signal power in linear measurement

Psig ⇠ h T (!)!Uin

<latexit sha1_base64="VkQ7s5pIJdqOVClQ04z1XEFBbtg=">AAACJnicbVDLSgMxFM34rPVVdekmWIQKpcxIRTdC0Y3LCp220Awlk6ZtaJIZkoxQhvkaN/6KGxcVEXd+iuljoa0HAodz7iH3njDmTBvX/XLW1jc2t7ZzO/ndvf2Dw8LRcVNHiSLUJxGPVDvEmnImqW+Y4bQdK4pFyGkrHN1P/dYTVZpFsmHGMQ0EHkjWZwQbK3ULt/VuipSAmg0yiDQTcIjKEAlshgTztJGVUCToAF+g8pxAVPbnESazbqHoVtwZ4CrxFqQIFqh3CxPUi0giqDSEY607nhubIMXKMMJplkeJpjEmIzygHUslFlQH6ezMDJ5bpQf7kbJPGjhTfydSLLQei9BOTvfXy95U/M/rJKZ/E6RMxomhksw/6iccmghOO4M9pigxfGwJJorZXSEZYoWJsc3mbQne8smrpHlZ8aqVq8dqsXa3qCMHTsEZKAEPXIMaeAB14AMCnsErmIB358V5cz6cz/nomrPInIA/cL5/ACb/pPo=</latexit>
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hq
min ⇠ 1p

Uintint

1

T (!)

<latexit sha1_base64="5loaEJCvcqRg1jM6Fezr7+m3LYA="></latexit>

Best possible sensitivity:

Noise power seen by detector

Pmin ⇠ !

✓
Uin

tint

◆1/2

<latexit sha1_base64="E1TDQ/6noNGdTecQaWJyiPumal0="></latexit>

Signal power in linear measurement

Psig ⇠ h T (!)!Uin

<latexit sha1_base64="VkQ7s5pIJdqOVClQ04z1XEFBbtg=">AAACJnicbVDLSgMxFM34rPVVdekmWIQKpcxIRTdC0Y3LCp220Awlk6ZtaJIZkoxQhvkaN/6KGxcVEXd+iuljoa0HAodz7iH3njDmTBvX/XLW1jc2t7ZzO/ndvf2Dw8LRcVNHiSLUJxGPVDvEmnImqW+Y4bQdK4pFyGkrHN1P/dYTVZpFsmHGMQ0EHkjWZwQbK3ULt/VuipSAmg0yiDQTcIjKEAlshgTztJGVUCToAF+g8pxAVPbnESazbqHoVtwZ4CrxFqQIFqh3CxPUi0giqDSEY607nhubIMXKMMJplkeJpjEmIzygHUslFlQH6ezMDJ5bpQf7kbJPGjhTfydSLLQei9BOTvfXy95U/M/rJKZ/E6RMxomhksw/6iccmghOO4M9pigxfGwJJorZXSEZYoWJsc3mbQne8smrpHlZ8aqVq8dqsXa3qCMHTsEZKAEPXIMaeAB14AMCnsErmIB358V5cz6cz/nomrPInIA/cL5/ACb/pPo=</latexit>

🤔
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hq
min ⇠ 1p

Uintint

1

T (!)

<latexit sha1_base64="5loaEJCvcqRg1jM6Fezr7+m3LYA="></latexit>

Best possible sensitivity:



LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

Caveats and Takeaway Messages

10

hq
min ⇠ 1p

Uintint

1

T (!)

<latexit sha1_base64="5loaEJCvcqRg1jM6Fezr7+m3LYA="></latexit>

Best possible sensitivity:

Differences appear once bandwidth accounted for
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Caveats and Takeaway Messages

10

hq
min ⇠ 1p

Uintint

1

T (!)

<latexit sha1_base64="5loaEJCvcqRg1jM6Fezr7+m3LYA="></latexit>

Best possible sensitivity:

Differences appear once bandwidth accounted for

Bandwidth and other detector details shoved under    he rugT

<latexit sha1_base64="M1JsOeovKV4ZpgmF8Bgu5TfTuWQ=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2b60GXRjcsKfcF0KJk004ZmkiHJCGXoZ7hxoYhbv8adf2P6EFT0hsDhnHu5554o5UwbhD6ctfWNza3twk5xd2//4LB0dNzRMlOEtonkUvUirClngrYNM5z2UkVxEnHajSY3c717T5VmUrTMNKVhgkeCxYxgY6mgn2AzJpjnrdmgVEYu8us+8iFyPVSrVuoWVGr2+dBz0aLKYFXNQem9P5QkS6gwhGOtAw+lJsyxMoxwOiv2M01TTCZ4RAMLBU6oDvOF5Rk8t8wQxlLZLwxcsN8ncpxoPU0i2zm3qH9rc/IvLchMfBXmTKSZoYIsF8UZh0bC+f1wyBQlhk8twEQx6xWSMVaYGJtS0YbwdSn8H3R816u6tbtquXG9iqMATsEZuAAeuAQNcAuaoA0IkOABPIFnxziPzovzumxdc1YzJ+BHOW+f2qqRpg==</latexit>
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10

hq
min ⇠ 1p

Uintint

1

T (!)

<latexit sha1_base64="5loaEJCvcqRg1jM6Fezr7+m3LYA="></latexit>

Best possible sensitivity:

Differences appear once bandwidth accounted for

Bandwidth and other detector details shoved under    he rugT

<latexit sha1_base64="M1JsOeovKV4ZpgmF8Bgu5TfTuWQ=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2b60GXRjcsKfcF0KJk004ZmkiHJCGXoZ7hxoYhbv8adf2P6EFT0hsDhnHu5554o5UwbhD6ctfWNza3twk5xd2//4LB0dNzRMlOEtonkUvUirClngrYNM5z2UkVxEnHajSY3c717T5VmUrTMNKVhgkeCxYxgY6mgn2AzJpjnrdmgVEYu8us+8iFyPVSrVuoWVGr2+dBz0aLKYFXNQem9P5QkS6gwhGOtAw+lJsyxMoxwOiv2M01TTCZ4RAMLBU6oDvOF5Rk8t8wQxlLZLwxcsN8ncpxoPU0i2zm3qH9rc/IvLchMfBXmTKSZoYIsF8UZh0bC+f1wyBQlhk8twEQx6xWSMVaYGJtS0YbwdSn8H3R816u6tbtquXG9iqMATsEZuAAeuAQNcAuaoA0IkOABPIFnxziPzovzumxdc1YzJ+BHOW+f2qqRpg==</latexit>

Stochastic backgrounds (almost) always imply quadratic measurements
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hq
min ⇠ 1p

Uintint

1

T (!)

<latexit sha1_base64="5loaEJCvcqRg1jM6Fezr7+m3LYA="></latexit>

Best possible sensitivity:

Differences appear once bandwidth accounted for

Bandwidth and other detector details shoved under    he rugT

<latexit sha1_base64="M1JsOeovKV4ZpgmF8Bgu5TfTuWQ=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ2b60GXRjcsKfcF0KJk004ZmkiHJCGXoZ7hxoYhbv8adf2P6EFT0hsDhnHu5554o5UwbhD6ctfWNza3twk5xd2//4LB0dNzRMlOEtonkUvUirClngrYNM5z2UkVxEnHajSY3c717T5VmUrTMNKVhgkeCxYxgY6mgn2AzJpjnrdmgVEYu8us+8iFyPVSrVuoWVGr2+dBz0aLKYFXNQem9P5QkS6gwhGOtAw+lJsyxMoxwOiv2M01TTCZ4RAMLBU6oDvOF5Rk8t8wQxlLZLwxcsN8ncpxoPU0i2zm3qH9rc/IvLchMfBXmTKSZoYIsF8UZh0bC+f1wyBQlhk8twEQx6xWSMVaYGJtS0YbwdSn8H3R816u6tbtquXG9iqMATsEZuAAeuAQNcAuaoA0IkOABPIFnxziPzovzumxdc1YzJ+BHOW+f2qqRpg==</latexit>

Stochastic backgrounds (almost) always imply quadratic measurements

How about that  ransfer function? T

<latexit sha1_base64="Trl04Corczb24Cj9modot/Qt6es=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy4r9AXToWTSTBuaSYYkI5Shn+HGhSJu/Rp3/o2ZdhbaeiBwOOdecu4JE860cd1vp7SxubW9U96t7O0fHB5Vj0+6WqaK0A6RXKp+iDXlTNCOYYbTfqIojkNOe+H0Pvd7T1RpJkXbzBIaxHgsWMQINlbyBzE2E4J51p4PqzW37i6A1olXkBoUaA2rX4ORJGlMhSEca+17bmKCDCvDCKfzyiDVNMFkisfUt1TgmOogW0SeowurjFAklX3CoIX6eyPDsdazOLSTeUS96uXif56fmug2yJhIUkMFWX4UpRwZifL70YgpSgyfWYKJYjYrIhOsMDG2pYotwVs9eZ10r+peo3792Kg174o6ynAG53AJHtxAEx6gBR0gIOEZXuHNMc6L8+58LEdLTrFzCn/gfP4Aj8WRcg==</latexit>



ACTE I

Static B-field 
Cavities
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�

<latexit sha1_base64="jA7j6ih9flCUERcA30gPpWp7HCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtR+uu6MZlBfuAdiiZNNPGJpkhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJX57XuqNIvlrZkkNBB4KFnECDZWavWGWAjcL5aQi878yoUPkesjr1bOSNn3EKpAz0VzlMASjX7xvTeISSqoNIRjrbseSkwwxcowwums0Es1TTAZ4yHtWiqxoDqYzq+dwROrDGAUK1vSwLn6fWKKhdYTEdpOgc1I//Yy8S+vm5qoFkyZTFJDJVksilIOTQyz1+GAKUoMn1iCiWL2VkhGWGFibEAFG8LXp/B/0iq7XtX1b6ql+uUyjjw4AsfgFHjgHNTBNWiAJiDgDjyAJ/DsxM6j8+K8LlpzznLmEPyA8/YJ4OGPWQ==</latexit>

SEM =

Z
d4x

p
�g

✓
�1

4
gµ↵g⌫�Fµ⌫F↵� + gµ⌫JµA⌫

◆

<latexit sha1_base64="vXiMiKD3s3yaIM4mO23lMECZrZU="></latexit>
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�

<latexit sha1_base64="jA7j6ih9flCUERcA30gPpWp7HCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtR+uu6MZlBfuAdiiZNNPGJpkhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJX57XuqNIvlrZkkNBB4KFnECDZWavWGWAjcL5aQi878yoUPkesjr1bOSNn3EKpAz0VzlMASjX7xvTeISSqoNIRjrbseSkwwxcowwums0Es1TTAZ4yHtWiqxoDqYzq+dwROrDGAUK1vSwLn6fWKKhdYTEdpOgc1I//Yy8S+vm5qoFkyZTFJDJVksilIOTQyz1+GAKUoMn1iCiWL2VkhGWGFibEAFG8LXp/B/0iq7XtX1b6ql+uUyjjw4AsfgFHjgHNTBNWiAJiDgDjyAJ/DsxM6j8+K8LlpzznLmEPyA8/YJ4OGPWQ==</latexit>

L � O(hF 2)

<latexit sha1_base64="/Pn3m/T7uBSWmH/jLG6sif8WkYw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KUii6LgrgQrGAf0MQymU7aoZNJmJkIJeQP3Pgrblwo4tatO//GSVtEWw9cOJxzL/fe40WMSmVZX0ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhueZ37onQtKQ36pRRNwA9Tn1KUZKS13z0AmQGmDEkqsUOjKOJFHwR7tOSwN4cVc56ppFq2yNAeeJPSVFMEW9a346vRDHAeEKMyRlx7Yi5SZIKIoZSQtOLEmE8BD1SUdTjgIi3WT8TwoPtNKDfih0cQXH6u+JBAVSjgJPd2aXylkvE//zOrHyT92E8ihWhOPJIj9mUIUwCwf2qCBYsZEmCAuqb4V4gATCSkdY0CHYsy/Pk2albFfLxzfVYu1sGkce7IF9UAI2OAE1cAnqoAEweABP4AW8Go/Gs/FmvE9ac8Z0Zhf8gfHxDSrBnBU=</latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫ , gµ⌫ = ⌘µ⌫ � hµ⌫

SEM =

Z
d4x

p
�g

✓
�1

4
gµ↵g⌫�Fµ⌫F↵� + gµ⌫JµA⌫

◆

<latexit sha1_base64="vXiMiKD3s3yaIM4mO23lMECZrZU="></latexit>
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�

<latexit sha1_base64="jA7j6ih9flCUERcA30gPpWp7HCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtR+uu6MZlBfuAdiiZNNPGJpkhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJX57XuqNIvlrZkkNBB4KFnECDZWavWGWAjcL5aQi878yoUPkesjr1bOSNn3EKpAz0VzlMASjX7xvTeISSqoNIRjrbseSkwwxcowwums0Es1TTAZ4yHtWiqxoDqYzq+dwROrDGAUK1vSwLn6fWKKhdYTEdpOgc1I//Yy8S+vm5qoFkyZTFJDJVksilIOTQyz1+GAKUoMn1iCiWL2VkhGWGFibEAFG8LXp/B/0iq7XtX1b6ql+uUyjjw4AsfgFHjgHNTBNWiAJiDgDjyAJ/DsxM6j8+K8LlpzznLmEPyA8/YJ4OGPWQ==</latexit>

L � O(hF 2)

<latexit sha1_base64="/Pn3m/T7uBSWmH/jLG6sif8WkYw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KUii6LgrgQrGAf0MQymU7aoZNJmJkIJeQP3Pgrblwo4tatO//GSVtEWw9cOJxzL/fe40WMSmVZX0ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhueZ37onQtKQ36pRRNwA9Tn1KUZKS13z0AmQGmDEkqsUOjKOJFHwR7tOSwN4cVc56ppFq2yNAeeJPSVFMEW9a346vRDHAeEKMyRlx7Yi5SZIKIoZSQtOLEmE8BD1SUdTjgIi3WT8TwoPtNKDfih0cQXH6u+JBAVSjgJPd2aXylkvE//zOrHyT92E8ihWhOPJIj9mUIUwCwf2qCBYsZEmCAuqb4V4gATCSkdY0CHYsy/Pk2albFfLxzfVYu1sGkce7IF9UAI2OAE1cAnqoAEweABP4AW8Go/Gs/FmvE9ac8Z0Zhf8gfHxDSrBnBU=</latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫ , gµ⌫ = ⌘µ⌫ � hµ⌫

SEM =

Z
d4x

p
�g

✓
�1

4
gµ↵g⌫�Fµ⌫F↵� + gµ⌫JµA⌫

◆

<latexit sha1_base64="vXiMiKD3s3yaIM4mO23lMECZrZU="></latexit>

@F ⇠ �@ (hF )

<latexit sha1_base64="Bts1pk4x7jQ05SFu2jd85Fojo2Y=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBAimLArET0GheAxgnlAdgmzk9nskNkHM71CWPIVXvwVLx4U8Sre/BsnySKaWNBQVHXT3eXGgiswzS9jaXlldW09t5Hf3Nre2S3s7bdUlEjKmjQSkey4RDHBQ9YEDoJ1YslI4ArWdofXE799z6TiUXgHo5g5ARmE3OOUgJZ6hbIdEwmcCFzHtuIBLuMfxRbMgxL27dO6LfnAh5NeoWhWzCnwIrEyUkQZGr3Cp92PaBKwEKggSnUtMwYnnSyggo3zdqJYTOiQDFhX05AETDnp9K0xPtZKH3uR1BUCnqq/J1ISKDUKXN0ZEPDVvDcR//O6CXiXTsrDOAEW0tkiLxEYIjzJCPe5ZBTESBNCJde3YuoTSSjoJPM6BGv+5UXSOqtY1cr5bbVYu8riyKFDdIRKyEIXqIZuUAM1EUUP6Am9oFfj0Xg23oz3WeuSkc0coD8wPr4Bzvid5w==</latexit>

Equation of motion:

12
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�

<latexit sha1_base64="jA7j6ih9flCUERcA30gPpWp7HCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJtR+uu6MZlBfuAdiiZNNPGJpkhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfJX57XuqNIvlrZkkNBB4KFnECDZWavWGWAjcL5aQi878yoUPkesjr1bOSNn3EKpAz0VzlMASjX7xvTeISSqoNIRjrbseSkwwxcowwums0Es1TTAZ4yHtWiqxoDqYzq+dwROrDGAUK1vSwLn6fWKKhdYTEdpOgc1I//Yy8S+vm5qoFkyZTFJDJVksilIOTQyz1+GAKUoMn1iCiWL2VkhGWGFibEAFG8LXp/B/0iq7XtX1b6ql+uUyjjw4AsfgFHjgHNTBNWiAJiDgDjyAJ/DsxM6j8+K8LlpzznLmEPyA8/YJ4OGPWQ==</latexit>

L � O(hF 2)

<latexit sha1_base64="/Pn3m/T7uBSWmH/jLG6sif8WkYw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5KUii6LgrgQrGAf0MQymU7aoZNJmJkIJeQP3Pgrblwo4tatO//GSVtEWw9cOJxzL/fe40WMSmVZX0ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhueZ37onQtKQ36pRRNwA9Tn1KUZKS13z0AmQGmDEkqsUOjKOJFHwR7tOSwN4cVc56ppFq2yNAeeJPSVFMEW9a346vRDHAeEKMyRlx7Yi5SZIKIoZSQtOLEmE8BD1SUdTjgIi3WT8TwoPtNKDfih0cQXH6u+JBAVSjgJPd2aXylkvE//zOrHyT92E8ihWhOPJIj9mUIUwCwf2qCBYsZEmCAuqb4V4gATCSkdY0CHYsy/Pk2albFfLxzfVYu1sGkce7IF9UAI2OAE1cAnqoAEweABP4AW8Go/Gs/FmvE9ac8Z0Zhf8gfHxDSrBnBU=</latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫ , gµ⌫ = ⌘µ⌫ � hµ⌫

SEM =

Z
d4x

p
�g

✓
�1

4
gµ↵g⌫�Fµ⌫F↵� + gµ⌫JµA⌫

◆

<latexit sha1_base64="vXiMiKD3s3yaIM4mO23lMECZrZU="></latexit>

@F ⇠ �@ (hF )

<latexit sha1_base64="Bts1pk4x7jQ05SFu2jd85Fojo2Y=">AAACFnicbVDLSgNBEJz1GeMr6tHLYBAimLArET0GheAxgnlAdgmzk9nskNkHM71CWPIVXvwVLx4U8Sre/BsnySKaWNBQVHXT3eXGgiswzS9jaXlldW09t5Hf3Nre2S3s7bdUlEjKmjQSkey4RDHBQ9YEDoJ1YslI4ArWdofXE799z6TiUXgHo5g5ARmE3OOUgJZ6hbIdEwmcCFzHtuIBLuMfxRbMgxL27dO6LfnAh5NeoWhWzCnwIrEyUkQZGr3Cp92PaBKwEKggSnUtMwYnnSyggo3zdqJYTOiQDFhX05AETDnp9K0xPtZKH3uR1BUCnqq/J1ISKDUKXN0ZEPDVvDcR//O6CXiXTsrDOAEW0tkiLxEYIjzJCPe5ZBTESBNCJde3YuoTSSjoJPM6BGv+5UXSOqtY1cr5bbVYu8riyKFDdIRKyEIXqIZuUAM1EUUP6Am9oFfj0Xg23oz3WeuSkc0coD8wPr4Bzvid5w==</latexit>

Equation of motion:

12

Effective current from spatial or temporal variations of h or F

jµe↵ ⌘ @⌫

✓
1

2
hFµ⌫ + h⌫

↵ F↵µ � hµ
↵ F↵⌫

◆

<latexit sha1_base64="DCngU8+I6j2y7qLcBB8nPj8j8A4="></latexit>

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2022) 



LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

Intuition for EM signal

13



LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

Intuition for EM signal

Estimate sensitivity to GWs by 
comparing sizes of currents

13



LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

Intuition for EM signal

Estimate sensitivity to GWs by 
comparing sizes of currents

C. O’Hare (GitHub: cajohare/AxionLimits)

13



LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

Intuition for EM signal

Estimate sensitivity to GWs by 
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C. O’Hare (GitHub: cajohare/AxionLimits)

jaxione↵ ⇠ ga��@t(aB) +O(v)

<latexit sha1_base64="3tEjOpXEBfPiAyDegywRusjhEmE="></latexit>

jaxione↵ . 10�19 T/m

<latexit sha1_base64="6dq8gF2AMv1pof2/jKbQKFdbA0I=">AAACIHicbZBNS8NAEIY3ftb6VfXoZbEIHrQmoqi3ohePCrYVmlo224mu7iZhdyKWkJ/ixb/ixYMietNf4/bjoNWBhYf3nWF23iCRwqDrfjpj4xOTU9OFmeLs3PzCYmlpuW7iVHOo8VjG+iJgBqSIoIYCJVwkGpgKJDSC2+Oe37gDbUQcnWM3gZZiV5EIBWdopXZp/6ad+VpRCMP8sk/s3ho59SUYY4SinnuZbXmHVtmkPsI9ZufbKm+Xym7F7Rf9C94QymRYp+3Sh9+JeaogQi6ZMU3PTbCVMY2CS8iLfmogYfyWXUHTYsQUmFbWPzCn61bp0DDW9kVI++rPiYwpY7oqsJ2K4bUZ9Xrif14zxfCglYkoSREiPlgUppJiTHtp0Y7QwFF2LTCuhf0r5ddMM44206INwRs9+S/UdyrebmXvbLdcPRrGUSCrZI1sEI/skyo5IaekRjh5IE/khbw6j86z8+a8D1rHnOHMCvlVztc3wV6isQ==</latexit>
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Estimate sensitivity to GWs by 
comparing sizes of currents

C. O’Hare (GitHub: cajohare/AxionLimits)

jaxione↵ ⇠ ga��@t(aB) +O(v)

<latexit sha1_base64="3tEjOpXEBfPiAyDegywRusjhEmE="></latexit>

jaxione↵ . 10�19 T/m

<latexit sha1_base64="6dq8gF2AMv1pof2/jKbQKFdbA0I=">AAACIHicbZBNS8NAEIY3ftb6VfXoZbEIHrQmoqi3ohePCrYVmlo224mu7iZhdyKWkJ/ixb/ixYMietNf4/bjoNWBhYf3nWF23iCRwqDrfjpj4xOTU9OFmeLs3PzCYmlpuW7iVHOo8VjG+iJgBqSIoIYCJVwkGpgKJDSC2+Oe37gDbUQcnWM3gZZiV5EIBWdopXZp/6ad+VpRCMP8sk/s3ho59SUYY4SinnuZbXmHVtmkPsI9ZufbKm+Xym7F7Rf9C94QymRYp+3Sh9+JeaogQi6ZMU3PTbCVMY2CS8iLfmogYfyWXUHTYsQUmFbWPzCn61bp0DDW9kVI++rPiYwpY7oqsJ2K4bUZ9Xrif14zxfCglYkoSREiPlgUppJiTHtp0Y7QwFF2LTCuhf0r5ddMM44206INwRs9+S/UdyrebmXvbLdcPRrGUSCrZI1sEI/skyo5IaekRjh5IE/khbw6j86z8+a8D1rHnOHMCvlVztc3wV6isQ==</latexit>

jGW
e↵ ⇠ @t(hB) + . . .

<latexit sha1_base64="gzqOpwEmivbCDF1q1Qx6BgdcCxU="></latexit>

h . 10�21

<latexit sha1_base64="biaxEnBBus7sN8V3D9XDCpka8qw=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCF0tSKnosevFYwX5AG8tmO2mX7iZhdyOEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZ58ecKe0431ZhbX1jc6u4XdrZ3ds/sA+P2ipKJIUWjXgkuz5RwFkILc00h24sgQifQ8ef3Mz8ziNIxaLwXqcxeIKMQhYwSrSRBnZ5jPsclFJMYNd5yM5r7nRgV5yqMwdeJW5OKihHc2B/9YcRTQSEmnKiVM91Yu1lRGpGOUxL/URBTOiEjKBnaEgEKC+bHz/Fp0YZ4iCSpkKN5+rviYwIpVLhm05B9FgtezPxP6+X6ODKy1gYJxpCulgUJBzrCM+SwEMmgWqeGkKoZOZWTMdEEqpNXiUTgrv88ipp16puvXpxV680rvM4iugYnaAz5KJL1EC3qIlaiKIUPaNX9GY9WS/Wu/WxaC1Y+UwZ/YH1+QMKRZO8</latexit>
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Framing the Question
Proper Detector Frame — complication

Textbooks give long-wavelength approximation
e.g. Maggiore (2007)ds2 ' �dt2(1 +R0i0jx

ixj)� 4

3
dt dxi

�
R0ijkx

jxk
�
+ dxi dxj

✓
�ij �

1

3
Rikjlx

kxl

◆

<latexit sha1_base64="Dnwf9v4mrCTj0O0NKeX9qqf/2d4="></latexit>

!g Rcav ⌧ 1

<latexit sha1_base64="QJFj7liZ2oeTEHMYYJXoKEVHVU0=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEmkosuiG5dV7AOaECbTSTp0JhNmJoUSunDjr7hxoYhbP8Kdf+O0zUJbD1w4nHMv994Tpowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2lcgkJi0smJDdECnCaEJammpGuqkkiIeMdMLhzdTvjIhUVCQPepwSn6M4oRHFSBspsCue4CRGQeyd3Qe5JznEaDSBHmPQDeyqU3NmgMvELUgVFGgG9pfXFzjjJNGYIaV6rpNqP0dSU8zIpOxliqQID1FMeoYmiBPl57MnJvDEKH0YCWkq0XCm/p7IEVdqzEPTyZEeqEVvKv7n9TIdXfk5TdJMkwTPF0UZg1rAaSKwTyXBmo0NQVhScyvEAyQR1ia3sgnBXXx5mbTPa269dnFXrzauizhKoAKOwSlwwSVogFvQBC2AwSN4Bq/gzXqyXqx362PeumIVM0fgD6zPH3lUl1c=</latexit>
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Resonant Cavity:

B = B0ẑ

<latexit sha1_base64="9hjbMPZIufyGGoBjsJkk6mSEZM4=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JIRTdCqRuXFewDmlAm00k7dPJg5kaoIW78FTcuFHHrX7jzb5y0WWjrgQuHc+7l3nu8WHAFlvVtLC2vrK6tlzbKm1vbO7vm3n5bRYmkrEUjEcmuRxQTPGQt4CBYN5aMBJ5gHW98nfudeyYVj8I7mMTMDcgw5D6nBLTUNw+dgMDI89NGhq9wo29hZ0Qgfcj6ZsWqWlPgRWIXpIIKNPvmlzOIaBKwEKggSvVsKwY3JRI4FSwrO4liMaFjMmQ9TUMSMOWm0w8yfKKVAfYjqSsEPFV/T6QkUGoSeLozv1fNe7n4n9dLwL90Ux7GCbCQzhb5icAQ4TwOPOCSURATTQiVXN+K6YhIQkGHVtYh2PMvL5L2WdWuVc9va5V6o4ijhI7QMTpFNrpAdXSDmqiFKHpEz+gVvRlPxovxbnzMWpeMYuYA/YHx+QNDypYk</latexit>

!sig = !g

<latexit sha1_base64="Ld2qBt97tdMZe5su/kG3NbdD4Sc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSi6EYounFZwT6gCWEynaZD5xFmJkIJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe++JU0a18bxvp7Syura+Ud6sbG3v7O65+wdtLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy6mfqdB6I0leLejFMScpQIOqAYGStFbjWQnCQoygPFoabJBF7BQkoit+bVvRngMvELUgMFmpH7FfQlzjgRBjOkdc/3UhPmSBmKGZlUgkyTFOERSkjPUoE40WE+e2ICj63ShwOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif14vM4PLMKcizQwReL5okDFoJJwmAvtUEWzY2BKEFbW3QjxECmFjc6vYEPzFl5dJ+7Tun9XP785qjesijjKogiNwAnxwARrgFjRBC2DwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kDHvCXww==</latexit>

!sig ⇠ 1/Rcav

<latexit sha1_base64="uAhQrKBm65xBZfP/tjtA3O1iz38=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS0WXRjcsq9gGdoWTSzDQ0jyHJFMrQD3Djr7hxoYhbP8Cdf2PazkJbDwQO55zLzT1hwqg2rvvtFFZW19Y3ipulre2d3b3y/kFLy1Rh0sSSSdUJkSaMCtI01DDSSRRBPGSkHQ5vpn57RJSmUjyYcUICjmJBI4qRsVKvXPElJzHqZb7iUNN4An1NOfTO7ucSRqOJTblVdwa4TLycVECORq/85fclTjkRBjOkdddzExNkSBmKGZmU/FSTBOEhiknXUoE40UE2O2YCT6zSh5FU9gkDZ+rviQxxrcc8tEmOzEAvelPxP6+bmugqyKhIUkMEni+KUgaNhNNmYJ8qgg0bW4KwovavEA+QQtjY/kq2BG/x5GXSOq96terFXa1Sv87rKIIjcAxOgQcuQR3cggZoAgwewTN4BW/Ok/PivDsf82jByWcOwR84nz/2iJru</latexit>

Textbooks give long-wavelength approximation
e.g. Maggiore (2007)ds2 ' �dt2(1 +R0i0jx

ixj)� 4

3
dt dxi

�
R0ijkx

jxk
�
+ dxi dxj

✓
�ij �

1

3
Rikjlx

kxl

◆

<latexit sha1_base64="Dnwf9v4mrCTj0O0NKeX9qqf/2d4="></latexit>

!g Rcav ⌧ 1

<latexit sha1_base64="QJFj7liZ2oeTEHMYYJXoKEVHVU0=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEmkosuiG5dV7AOaECbTSTp0JhNmJoUSunDjr7hxoYhbP8Kdf+O0zUJbD1w4nHMv994Tpowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2lcgkJi0smJDdECnCaEJammpGuqkkiIeMdMLhzdTvjIhUVCQPepwSn6M4oRHFSBspsCue4CRGQeyd3Qe5JznEaDSBHmPQDeyqU3NmgMvELUgVFGgG9pfXFzjjJNGYIaV6rpNqP0dSU8zIpOxliqQID1FMeoYmiBPl57MnJvDEKH0YCWkq0XCm/p7IEVdqzEPTyZEeqEVvKv7n9TIdXfk5TdJMkwTPF0UZg1rAaSKwTyXBmo0NQVhScyvEAyQR1ia3sgnBXXx5mbTPa269dnFXrzauizhKoAKOwSlwwSVogFvQBC2AwSN4Bq/gzXqyXqx362PeumIVM0fgD6zPH3lUl1c=</latexit>
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Framing the Question
Proper Detector Frame — complication

Resonant Cavity:

B = B0ẑ

<latexit sha1_base64="9hjbMPZIufyGGoBjsJkk6mSEZM4=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JIRTdCqRuXFewDmlAm00k7dPJg5kaoIW78FTcuFHHrX7jzb5y0WWjrgQuHc+7l3nu8WHAFlvVtLC2vrK6tlzbKm1vbO7vm3n5bRYmkrEUjEcmuRxQTPGQt4CBYN5aMBJ5gHW98nfudeyYVj8I7mMTMDcgw5D6nBLTUNw+dgMDI89NGhq9wo29hZ0Qgfcj6ZsWqWlPgRWIXpIIKNPvmlzOIaBKwEKggSvVsKwY3JRI4FSwrO4liMaFjMmQ9TUMSMOWm0w8yfKKVAfYjqSsEPFV/T6QkUGoSeLozv1fNe7n4n9dLwL90Ux7GCbCQzhb5icAQ4TwOPOCSURATTQiVXN+K6YhIQkGHVtYh2PMvL5L2WdWuVc9va5V6o4ijhI7QMTpFNrpAdXSDmqiFKHpEz+gVvRlPxovxbnzMWpeMYuYA/YHx+QNDypYk</latexit>

!sig = !g

<latexit sha1_base64="Ld2qBt97tdMZe5su/kG3NbdD4Sc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSi6EYounFZwT6gCWEynaZD5xFmJkIJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe++JU0a18bxvp7Syura+Ud6sbG3v7O65+wdtLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy6mfqdB6I0leLejFMScpQIOqAYGStFbjWQnCQoygPFoabJBF7BQkoit+bVvRngMvELUgMFmpH7FfQlzjgRBjOkdc/3UhPmSBmKGZlUgkyTFOERSkjPUoE40WE+e2ICj63ShwOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif14vM4PLMKcizQwReL5okDFoJJwmAvtUEWzY2BKEFbW3QjxECmFjc6vYEPzFl5dJ+7Tun9XP785qjesijjKogiNwAnxwARrgFjRBC2DwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kDHvCXww==</latexit>

!sig ⇠ 1/Rcav

<latexit sha1_base64="uAhQrKBm65xBZfP/tjtA3O1iz38=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS0WXRjcsq9gGdoWTSzDQ0jyHJFMrQD3Djr7hxoYhbP8Cdf2PazkJbDwQO55zLzT1hwqg2rvvtFFZW19Y3ipulre2d3b3y/kFLy1Rh0sSSSdUJkSaMCtI01DDSSRRBPGSkHQ5vpn57RJSmUjyYcUICjmJBI4qRsVKvXPElJzHqZb7iUNN4An1NOfTO7ucSRqOJTblVdwa4TLycVECORq/85fclTjkRBjOkdddzExNkSBmKGZmU/FSTBOEhiknXUoE40UE2O2YCT6zSh5FU9gkDZ+rviQxxrcc8tEmOzEAvelPxP6+bmugqyKhIUkMEni+KUgaNhNNmYJ8qgg0bW4KwovavEA+QQtjY/kq2BG/x5GXSOq96terFXa1Sv87rKIIjcAxOgQcuQR3cggZoAgwewTN4BW/Ok/PivDsf82jByWcOwR84nz/2iJru</latexit>

Textbooks give long-wavelength approximation
e.g. Maggiore (2007)ds2 ' �dt2(1 +R0i0jx

ixj)� 4

3
dt dxi

�
R0ijkx

jxk
�
+ dxi dxj

✓
�ij �

1

3
Rikjlx

kxl

◆

<latexit sha1_base64="Dnwf9v4mrCTj0O0NKeX9qqf/2d4="></latexit>

!g Rcav ⌧ 1

<latexit sha1_base64="QJFj7liZ2oeTEHMYYJXoKEVHVU0=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEmkosuiG5dV7AOaECbTSTp0JhNmJoUSunDjr7hxoYhbP8Kdf+O0zUJbD1w4nHMv994Tpowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2lcgkJi0smJDdECnCaEJammpGuqkkiIeMdMLhzdTvjIhUVCQPepwSn6M4oRHFSBspsCue4CRGQeyd3Qe5JznEaDSBHmPQDeyqU3NmgMvELUgVFGgG9pfXFzjjJNGYIaV6rpNqP0dSU8zIpOxliqQID1FMeoYmiBPl57MnJvDEKH0YCWkq0XCm/p7IEVdqzEPTyZEeqEVvKv7n9TIdXfk5TdJMkwTPF0UZg1rAaSKwTyXBmo0NQVhScyvEAyQR1ia3sgnBXXx5mbTPa269dnFXrzauizhKoAKOwSlwwSVogFvQBC2AwSN4Bq/gzXqyXqx362PeumIVM0fgD6zPH3lUl1c=</latexit>
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Framing the Question
Proper Detector Frame — complication

Resonant Cavity:

B = B0ẑ

<latexit sha1_base64="9hjbMPZIufyGGoBjsJkk6mSEZM4=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JIRTdCqRuXFewDmlAm00k7dPJg5kaoIW78FTcuFHHrX7jzb5y0WWjrgQuHc+7l3nu8WHAFlvVtLC2vrK6tlzbKm1vbO7vm3n5bRYmkrEUjEcmuRxQTPGQt4CBYN5aMBJ5gHW98nfudeyYVj8I7mMTMDcgw5D6nBLTUNw+dgMDI89NGhq9wo29hZ0Qgfcj6ZsWqWlPgRWIXpIIKNPvmlzOIaBKwEKggSvVsKwY3JRI4FSwrO4liMaFjMmQ9TUMSMOWm0w8yfKKVAfYjqSsEPFV/T6QkUGoSeLozv1fNe7n4n9dLwL90Ux7GCbCQzhb5icAQ4TwOPOCSURATTQiVXN+K6YhIQkGHVtYh2PMvL5L2WdWuVc9va5V6o4ijhI7QMTpFNrpAdXSDmqiFKHpEz+gVvRlPxovxbnzMWpeMYuYA/YHx+QNDypYk</latexit>

!sig = !g

<latexit sha1_base64="Ld2qBt97tdMZe5su/kG3NbdD4Sc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSi6EYounFZwT6gCWEynaZD5xFmJkIJXbjxV9y4UMStH+HOv3HaZqGtBy4czrmXe++JU0a18bxvp7Syura+Ud6sbG3v7O65+wdtLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy6mfqdB6I0leLejFMScpQIOqAYGStFbjWQnCQoygPFoabJBF7BQkoit+bVvRngMvELUgMFmpH7FfQlzjgRBjOkdc/3UhPmSBmKGZlUgkyTFOERSkjPUoE40WE+e2ICj63ShwOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif14vM4PLMKcizQwReL5okDFoJJwmAvtUEWzY2BKEFbW3QjxECmFjc6vYEPzFl5dJ+7Tun9XP785qjesijjKogiNwAnxwARrgFjRBC2DwCJ7BK3hznpwX5935mLeWnGLmEPyB8/kDHvCXww==</latexit>

!sig ⇠ 1/Rcav

<latexit sha1_base64="uAhQrKBm65xBZfP/tjtA3O1iz38=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4qjNS0WXRjcsq9gGdoWTSzDQ0jyHJFMrQD3Djr7hxoYhbP8Cdf2PazkJbDwQO55zLzT1hwqg2rvvtFFZW19Y3ipulre2d3b3y/kFLy1Rh0sSSSdUJkSaMCtI01DDSSRRBPGSkHQ5vpn57RJSmUjyYcUICjmJBI4qRsVKvXPElJzHqZb7iUNN4An1NOfTO7ucSRqOJTblVdwa4TLycVECORq/85fclTjkRBjOkdddzExNkSBmKGZmU/FSTBOEhiknXUoE40UE2O2YCT6zSh5FU9gkDZ+rviQxxrcc8tEmOzEAvelPxP6+bmugqyKhIUkMEni+KUgaNhNNmYJ8qgg0bW4KwovavEA+QQtjY/kq2BG/x5GXSOq96terFXa1Sv87rKIIjcAxOgQcuQR3cggZoAgwewTN4BW/Ok/PivDsf82jByWcOwR84nz/2iJru</latexit>

Textbooks give long-wavelength approximation
e.g. Maggiore (2007)ds2 ' �dt2(1 +R0i0jx

ixj)� 4

3
dt dxi

�
R0ijkx

jxk
�
+ dxi dxj

✓
�ij �

1

3
Rikjlx

kxl

◆

<latexit sha1_base64="Dnwf9v4mrCTj0O0NKeX9qqf/2d4="></latexit>

!g Rcav ⌧ 1

<latexit sha1_base64="QJFj7liZ2oeTEHMYYJXoKEVHVU0=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFcSEmkosuiG5dV7AOaECbTSTp0JhNmJoUSunDjr7hxoYhbP8Kdf+O0zUJbD1w4nHMv994Tpowq7Tjf1srq2vrGZmmrvL2zu7dvHxy2lcgkJi0smJDdECnCaEJammpGuqkkiIeMdMLhzdTvjIhUVCQPepwSn6M4oRHFSBspsCue4CRGQeyd3Qe5JznEaDSBHmPQDeyqU3NmgMvELUgVFGgG9pfXFzjjJNGYIaV6rpNqP0dSU8zIpOxliqQID1FMeoYmiBPl57MnJvDEKH0YCWkq0XCm/p7IEVdqzEPTyZEeqEVvKv7n9TIdXfk5TdJMkwTPF0UZg1rAaSKwTyXBmo0NQVhScyvEAyQR1ia3sgnBXXx5mbTPa269dnFXrzauizhKoAKOwSlwwSVogFvQBC2AwSN4Bq/gzXqyXqx362PeumIVM0fgD6zPH3lUl1c=</latexit>

Long-wavelength limit invalid!
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Framing the Question
Solution — GW as sum of plane waves

h00 = �2
1X

r=0

r + 3

(r + 3)!
R0n0n,k1,···krx

mxnxk1 · · ·xkr

h0i = �2
1X

r=0

r + 2

(r + 3)!
R0nin,k1,···krx

mxnxk1 · · ·xkr

hij = �2
1X

r=0

r + 1

(r + 3)!
Rinjn,k1,···krx

mxnxk1 · · ·xkr

<latexit sha1_base64="A3EevcEGDzRNYdvwlN3Frx+MGSA="></latexit>

Märzlin (1994)

Rakhmanov (2014)

@ih
TT
jk ⇠ ��iz@th

TT
jk

<latexit sha1_base64="mUltyilVGzuGDrlQ86hVAeAtXb0=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwY5mRii6LLnRZoS/o1CGTpm1sMjMkd4Q69JPc+Cm6UVDErV9h+hC09UDgcM65Se4JYsE1OM6rlVlYXFpeya7m1tY3Nrfs7Z2ajhJFWZVGIlKNgGgmeMiqwEGwRqwYkYFg9aB/MfLrd0xpHoUVGMSsJUk35B1OCRjJty+9mCjgRPgc925ST0lcqQz99LY/xJ7mEh95bSaA+Cm/N8pPGGbDvp13Cs4YeJ64U5JHU5R9+8lrRzSRLAQqiNZN14mhlY7up4INc16iWUxon3RZ09CQSKZb6XjhIT4wSht3ImVOCHis/p5IidR6IAOTlAR6etYbif95zQQ6Z62Uh3ECLKSThzqJwBDhUXu4zRWjIAaGEKq4+SumPaIIBdNxzpTgzq48T2rHBbdYOLku5kvn0zqyaA/to0PkolNUQleojKqIogf0jN7Qu/VovVgf1uckmrGmM7voD6yvb55QqpI=</latexit>

h / ei!g(t�z)

<latexit sha1_base64="PeXk87DzzaI8U5yCxkDzBWfwzuA=">AAACBnicbVDLSgMxFM3UV62vqksRgkWoC8uMVHRZdOOygn1AO5ZMetuGJpMhyQh16MqNv+LGhSJu/QZ3/o1pOwutHggczrmXm3OCiDNtXPfLySwsLi2vZFdza+sbm1v57Z26lrGiUKOSS9UMiAbOQqgZZjg0IwVEBBwawfBy4jfuQGkmwxszisAXpB+yHqPEWKmT3x/gdqRkZCSG24ThthTQJ51+0RzfH407+YJbcqfAf4mXkgJKUe3kP9tdSWMBoaGcaN3y3Mj4CVGGUQ7jXDvWEBE6JH1oWRoSAdpPpjHG+NAqXdyTyr7Q4Kn6cyMhQuuRCOykIGag572J+J/Xik3v3E9YGMUGQjo71Is5tqEnneAuU0ANH1lCqGL2r5gOiCLU2OZytgRvPvJfUj8peeXS6XW5ULlI68iiPXSAishDZ6iCrlAV1RBFD+gJvaBX59F5dt6c99loxkl3dtEvOB/fPTqYWA==</latexit>

xk1 . . . xkrRµ⌫⇢�,k1...kr = (�i!gz)
rRµ⌫⇢�

<latexit sha1_base64="9E/6/E2mcf5goL5QoOaAUAEW2zQ="></latexit>
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Framing the Question
Solution — GW as sum of plane waves

h00 = �2
1X

r=0

r + 3

(r + 3)!
R0n0n,k1,···krx

mxnxk1 · · ·xkr

h0i = �2
1X

r=0

r + 2

(r + 3)!
R0nin,k1,···krx

mxnxk1 · · ·xkr

hij = �2
1X

r=0

r + 1

(r + 3)!
Rinjn,k1,···krx

mxnxk1 · · ·xkr

<latexit sha1_base64="A3EevcEGDzRNYdvwlN3Frx+MGSA="></latexit>

Märzlin (1994)

Rakhmanov (2014)

h00 = �2R0m0nx
mxn

✓
� i

!gz
+

1 + e�i!gz

(!gz)2

◆

h0i = �2R0minx
mxn

✓
� i

2!gz
� e�i!gz

(!gz)2
� i

1� e�i!gz

(!gz)3

◆

hij = �2Rimjnx
mxn

✓
�1 + e�i!gz

(!gz)2
� 2i

1� e�i!gz

(!gz)3

◆

<latexit sha1_base64="2f4dpDrwNEJbTZXrzxORwBAiz5E="></latexit>

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2022) 

@ih
TT
jk ⇠ ��iz@th

TT
jk

<latexit sha1_base64="mUltyilVGzuGDrlQ86hVAeAtXb0=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwY5mRii6LLnRZoS/o1CGTpm1sMjMkd4Q69JPc+Cm6UVDErV9h+hC09UDgcM65Se4JYsE1OM6rlVlYXFpeya7m1tY3Nrfs7Z2ajhJFWZVGIlKNgGgmeMiqwEGwRqwYkYFg9aB/MfLrd0xpHoUVGMSsJUk35B1OCRjJty+9mCjgRPgc925ST0lcqQz99LY/xJ7mEh95bSaA+Cm/N8pPGGbDvp13Cs4YeJ64U5JHU5R9+8lrRzSRLAQqiNZN14mhlY7up4INc16iWUxon3RZ09CQSKZb6XjhIT4wSht3ImVOCHis/p5IidR6IAOTlAR6etYbif95zQQ6Z62Uh3ECLKSThzqJwBDhUXu4zRWjIAaGEKq4+SumPaIIBdNxzpTgzq48T2rHBbdYOLku5kvn0zqyaA/to0PkolNUQleojKqIogf0jN7Qu/VovVgf1uckmrGmM7voD6yvb55QqpI=</latexit>

h / ei!g(t�z)

<latexit sha1_base64="PeXk87DzzaI8U5yCxkDzBWfwzuA=">AAACBnicbVDLSgMxFM3UV62vqksRgkWoC8uMVHRZdOOygn1AO5ZMetuGJpMhyQh16MqNv+LGhSJu/QZ3/o1pOwutHggczrmXm3OCiDNtXPfLySwsLi2vZFdza+sbm1v57Z26lrGiUKOSS9UMiAbOQqgZZjg0IwVEBBwawfBy4jfuQGkmwxszisAXpB+yHqPEWKmT3x/gdqRkZCSG24ThthTQJ51+0RzfH407+YJbcqfAf4mXkgJKUe3kP9tdSWMBoaGcaN3y3Mj4CVGGUQ7jXDvWEBE6JH1oWRoSAdpPpjHG+NAqXdyTyr7Q4Kn6cyMhQuuRCOykIGag572J+J/Xik3v3E9YGMUGQjo71Is5tqEnneAuU0ANH1lCqGL2r5gOiCLU2OZytgRvPvJfUj8peeXS6XW5ULlI68iiPXSAishDZ6iCrlAV1RBFD+gJvaBX59F5dt6c99loxkl3dtEvOB/fPTqYWA==</latexit>

xk1 . . . xkrRµ⌫⇢�,k1...kr = (�i!gz)
rRµ⌫⇢�

<latexit sha1_base64="9E/6/E2mcf5goL5QoOaAUAEW2zQ="></latexit>
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Axion Cavity Modes Couple to GWs

⌘ /
Z

V
E⇤

cav · Je↵

<latexit sha1_base64="SC6hdZY8pO+zQTlRzfY3tGXtnwA="></latexit>
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Projected Sensitivities of Axion Experiments
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a theorist’s view…
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Load the cavity in pump mode
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<latexit sha1_base64="cct3Dfynmr+Kp6dV94emdwKB1Is=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ie0Q8lkMm1oMhOSjFBKv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPIBhV2nE+rNza+sbmVn67sLO7t39QPDzqqCSVmLRxwhLZC5AijMakralmpCckQTxgpBtMrjK/e0+kokl8q6eC+ByNYhpRjLSR7kTKBeRJSIbFkmNfNGpe1YOO7Th1r1zLiFeveGXoGiVDCazQGhbfB2GCU05ijRlSqu86QvszJDXFjMwLg1QRgfAEjUjf0BhxovzZ4uA5PDNKCKNEmoo1XKjfJ2aIKzXlgenkSI/Vby8T//L6qY4a/ozGItUkxstFUcqgTmD2PQypJFizqSEIS2puhXiMJMLaZFQwIXx9Cv8nHc92K3b1xis1L1dx5MEJOAXnwAV10ATXoAXaAAMOHsATeLak9Wi9WK/L1py1mjkGP2C9fQIkEZCl</latexit>

!0 ⇠ GHz

<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

!1 ⇠ GHz

<latexit sha1_base64="qYhkkc38RxWu/aP13Rm07y/0gdU=">AAACAXicbVA9SwNBEN2L3/Hr1EawWQyCVbiTiJZBCy0VjAnkQtjbTJIlu3fH7pwYj9j4V2wsFLH1X9j5b9x8FJr4YODx3gwz88JECoOe9+3k5uYXFpeWV/Kra+sbm+7W9q2JU82hwmMZ61rIDEgRQQUFSqglGpgKJVTD3vnQr96BNiKObrCfQEOxTiTagjO0UtPdDWIFHdb0aWCEogHCPWYXlw+Dplvwit4IdJb4E1IgE1w13a+gFfNUQYRcMmPqvpdgI2MaBZcwyAepgYTxHutA3dKIKTCNbPTBgB5YpUXbsbYVIR2pvycypozpq9B2KoZdM+0Nxf+8eort00YmoiRFiPh4UTuVFGM6jIO2hAaOsm8J41rYWynvMs042tDyNgR/+uVZcntU9EvF4+tSoXw2iWOZ7JF9ckh8ckLK5JJckQrh5JE8k1fy5jw5L8678zFuzTmTmR3yB87nDwHClp8=</latexit>

si
gn

al
m
od

e

<latexit sha1_base64="lUt98fl/sK7fP3VS5EnCkTb8f4w=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqWQXre2t6MVjBWsL26Vks9k2NJssSVYoS3+GFw+KePXXePPfmG0rqOiDgcd7M8zMC1POtEHowymtrK6tb5Q3K1vbO7t71f2DOy0zRWiXSC5VP8SaciZo1zDDaT9VFCchp71wclX4vXuqNJPi1kxTGiR4JFjMCDZW8jUbCcxhIiM6rNZQHVk0GrAgbhO5lrRaTc9rQXduIVQDS3SG1fdBJEmWUGEIx1r7LkpNkGNlGOF0VhlkmqaYTPCI+pYKnFAd5POTZ/DEKhGMpbIlDJyr3ydynGg9TULbmWAz1r+9QvzL8zMTN4OciTQzVJDFojjj0EhY/A8jpigxfGoJJorZWyEZY4WJsSlVbAhfn8L/yZ1Xd8/q5zderX25jKMMjsAxOAUuuABtcA06oAsIkOABPIFnxziPzovzumgtOcuZQ/ADztsnhrCRbg==</latexit>

Signal mode: !1 � !0 ⌧ !0

<latexit sha1_base64="6UIPF/kqNioklnbjx61xjc7CtRE="></latexit>



LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

MAGO 2.0

21

Load the cavity in pump mode

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

dP
/d

!

<latexit sha1_base64="xxdLS6Xx3S7sLXOWamV8KJKwXMk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BLx4jmAcmS5idnU2GzGOZmRVCyF948aCIV//Gm3/jJNmDRgsaiqpuuruilDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUZkmtEkUV7oTYUM5k7RpmeW0k2qKRcRpOxrdzPz2I9WGKXlvxykNBR5IljCCrZMe4sZZ3FOCDnC/XPGr/hzoLwlyUoEcjX75sxcrkgkqLeHYmG7gpzacYG0Z4XRa6mWGppiM8IB2HZVYUBNO5hdP0YlTYpQo7UpaNFd/TkywMGYsItcpsB2aZW8m/ud1M5tchRMm08xSSRaLkowjq9DsfRQzTYnlY0cw0czdisgQa0ysC6nkQgiWX/5LWufVoFa9uKtV6td5HEU4gmM4hQAuoQ630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+AR/7kJI=</latexit>

p
u
m
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m
od

e

<latexit sha1_base64="cct3Dfynmr+Kp6dV94emdwKB1Is=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ie0Q8lkMm1oMhOSjFBKv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPIBhV2nE+rNza+sbmVn67sLO7t39QPDzqqCSVmLRxwhLZC5AijMakralmpCckQTxgpBtMrjK/e0+kokl8q6eC+ByNYhpRjLSR7kTKBeRJSIbFkmNfNGpe1YOO7Th1r1zLiFeveGXoGiVDCazQGhbfB2GCU05ijRlSqu86QvszJDXFjMwLg1QRgfAEjUjf0BhxovzZ4uA5PDNKCKNEmoo1XKjfJ2aIKzXlgenkSI/Vby8T//L6qY4a/ozGItUkxstFUcqgTmD2PQypJFizqSEIS2puhXiMJMLaZFQwIXx9Cv8nHc92K3b1xis1L1dx5MEJOAXnwAV10ATXoAXaAAMOHsATeLak9Wi9WK/L1py1mjkGP2C9fQIkEZCl</latexit>

!0 ⇠ GHz

<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

m
ec
h
an

ic
al

re
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ce

<latexit sha1_base64="dZ13xRMkfNNsyqqz/8SNjjy94UA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTFF0W3bisYB/QDiWT3mlDk8yQZIQ6FH/FjQtF3Pof7vwb03YW2nrgwsk595J7T5hwpo3nfTuFldW19Y3iZmlre2d3z90/aOo4VRQaNOaxaodEA2cSGoYZDu1EAREhh1Y4upn6rQdQmsXy3owTCAQZSBYxSoyVeu6RADok0r45VqBjSSSFnlv2Kt4MeJn4OSmjHPWe+9XtxzQVIA3lROuO7yUmyIgyjHKYlLqphoTQERlAx1JJBOggm20/wadW6eMoVrakwTP190RGhNZjEdpOQcxQL3pT8T+vk5roKsiYTFIDks4/ilKOTYynUeA+U0ANH1tCqGJ2V2yzUIQaG1jJhuAvnrxMmtWKf165uKuWa9d5HEV0jE7QGfLRJaqhW1RHDUTRI3pGr+jNeXJenHfnY95acPKZQ/QHzucPqI2VXA==</latexit>

!p ⇠ 10 kHz

<latexit sha1_base64="48X4yS/FTH/+6R70jGPKwT9LJKA=">AAACBXicbVA9SwNBEN3z2/gVtdRiMQgWEu4koqVokzKCSYTccextJnHJ7t2xOyfGI42Nf8XGQhFb/4Od/8ZNTKGJDwYe780wMy9KpTDoul/OzOzc/MLi0nJhZXVtfaO4udUwSaY51HkiE30dMQNSxFBHgRKuUw1MRRKaUe9i6DdvQRuRxFfYTyFQrBuLjuAMrRQWd/1EQZeFKfWNUNRz/UMf4Q7zXvV+EBZLbtkdgU4Tb0xKZIxaWPz02wnPFMTIJTOm5bkpBjnTKLiEQcHPDKSM91gXWpbGTIEJ8tEXA7pvlTbtJNpWjHSk/p7ImTKmryLbqRjemElvKP7ntTLsnAa5iNMMIeY/izqZpJjQYSS0LTRwlH1LGNfC3kr5DdOMow2uYEPwJl+eJo2jslcpH19WSmfn4ziWyA7ZIwfEIyfkjFRJjdQJJw/kibyQV+fReXbenPef1hlnPLNN/sD5+AaxCZgT</latexit>

!1 ⇠ GHz

<latexit sha1_base64="qYhkkc38RxWu/aP13Rm07y/0gdU=">AAACAXicbVA9SwNBEN2L3/Hr1EawWQyCVbiTiJZBCy0VjAnkQtjbTJIlu3fH7pwYj9j4V2wsFLH1X9j5b9x8FJr4YODx3gwz88JECoOe9+3k5uYXFpeWV/Kra+sbm+7W9q2JU82hwmMZ61rIDEgRQQUFSqglGpgKJVTD3vnQr96BNiKObrCfQEOxTiTagjO0UtPdDWIFHdb0aWCEogHCPWYXlw+Dplvwit4IdJb4E1IgE1w13a+gFfNUQYRcMmPqvpdgI2MaBZcwyAepgYTxHutA3dKIKTCNbPTBgB5YpUXbsbYVIR2pvycypozpq9B2KoZdM+0Nxf+8eort00YmoiRFiPh4UTuVFGM6jIO2hAaOsm8J41rYWynvMs042tDyNgR/+uVZcntU9EvF4+tSoXw2iWOZ7JF9ckh8ckLK5JJckQrh5JE8k1fy5jw5L8678zFuzTmTmR3yB87nDwHClp8=</latexit>

si
gn

al
m
od

e

<latexit sha1_base64="lUt98fl/sK7fP3VS5EnCkTb8f4w=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqWQXre2t6MVjBWsL26Vks9k2NJssSVYoS3+GFw+KePXXePPfmG0rqOiDgcd7M8zMC1POtEHowymtrK6tb5Q3K1vbO7t71f2DOy0zRWiXSC5VP8SaciZo1zDDaT9VFCchp71wclX4vXuqNJPi1kxTGiR4JFjMCDZW8jUbCcxhIiM6rNZQHVk0GrAgbhO5lrRaTc9rQXduIVQDS3SG1fdBJEmWUGEIx1r7LkpNkGNlGOF0VhlkmqaYTPCI+pYKnFAd5POTZ/DEKhGMpbIlDJyr3ydynGg9TULbmWAz1r+9QvzL8zMTN4OciTQzVJDFojjj0EhY/A8jpigxfGoJJorZWyEZY4WJsSlVbAhfn8L/yZ1Xd8/q5zderX25jKMMjsAxOAUuuABtcA06oAsIkOABPIFnxziPzovzumgtOcuZQ/ADztsnhrCRbg==</latexit>

Signal mode: !1 � !0 ⌧ !0

<latexit sha1_base64="6UIPF/kqNioklnbjx61xjc7CtRE="></latexit>
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Load the cavity in pump mode

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

dP
/d

!

<latexit sha1_base64="xxdLS6Xx3S7sLXOWamV8KJKwXMk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BLx4jmAcmS5idnU2GzGOZmRVCyF948aCIV//Gm3/jJNmDRgsaiqpuuruilDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUZkmtEkUV7oTYUM5k7RpmeW0k2qKRcRpOxrdzPz2I9WGKXlvxykNBR5IljCCrZMe4sZZ3FOCDnC/XPGr/hzoLwlyUoEcjX75sxcrkgkqLeHYmG7gpzacYG0Z4XRa6mWGppiM8IB2HZVYUBNO5hdP0YlTYpQo7UpaNFd/TkywMGYsItcpsB2aZW8m/ud1M5tchRMm08xSSRaLkowjq9DsfRQzTYnlY0cw0czdisgQa0ysC6nkQgiWX/5LWufVoFa9uKtV6td5HEU4gmM4hQAuoQ630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+AR/7kJI=</latexit>

p
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m
p
m
od

e

<latexit sha1_base64="cct3Dfynmr+Kp6dV94emdwKB1Is=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ie0Q8lkMm1oMhOSjFBKv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPIBhV2nE+rNza+sbmVn67sLO7t39QPDzqqCSVmLRxwhLZC5AijMakralmpCckQTxgpBtMrjK/e0+kokl8q6eC+ByNYhpRjLSR7kTKBeRJSIbFkmNfNGpe1YOO7Th1r1zLiFeveGXoGiVDCazQGhbfB2GCU05ijRlSqu86QvszJDXFjMwLg1QRgfAEjUjf0BhxovzZ4uA5PDNKCKNEmoo1XKjfJ2aIKzXlgenkSI/Vby8T//L6qY4a/ozGItUkxstFUcqgTmD2PQypJFizqSEIS2puhXiMJMLaZFQwIXx9Cv8nHc92K3b1xis1L1dx5MEJOAXnwAV10ATXoAXaAAMOHsATeLak9Wi9WK/L1py1mjkGP2C9fQIkEZCl</latexit>

!0 ⇠ GHz

<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

m
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<latexit sha1_base64="dZ13xRMkfNNsyqqz/8SNjjy94UA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTFF0W3bisYB/QDiWT3mlDk8yQZIQ6FH/FjQtF3Pof7vwb03YW2nrgwsk595J7T5hwpo3nfTuFldW19Y3iZmlre2d3z90/aOo4VRQaNOaxaodEA2cSGoYZDu1EAREhh1Y4upn6rQdQmsXy3owTCAQZSBYxSoyVeu6RADok0r45VqBjSSSFnlv2Kt4MeJn4OSmjHPWe+9XtxzQVIA3lROuO7yUmyIgyjHKYlLqphoTQERlAx1JJBOggm20/wadW6eMoVrakwTP190RGhNZjEdpOQcxQL3pT8T+vk5roKsiYTFIDks4/ilKOTYynUeA+U0ANH1tCqGJ2V2yzUIQaG1jJhuAvnrxMmtWKf165uKuWa9d5HEV0jE7QGfLRJaqhW1RHDUTRI3pGr+jNeXJenHfnY95acPKZQ/QHzucPqI2VXA==</latexit>

!p ⇠ 10 kHz

<latexit sha1_base64="48X4yS/FTH/+6R70jGPKwT9LJKA=">AAACBXicbVA9SwNBEN3z2/gVtdRiMQgWEu4koqVokzKCSYTccextJnHJ7t2xOyfGI42Nf8XGQhFb/4Od/8ZNTKGJDwYe780wMy9KpTDoul/OzOzc/MLi0nJhZXVtfaO4udUwSaY51HkiE30dMQNSxFBHgRKuUw1MRRKaUe9i6DdvQRuRxFfYTyFQrBuLjuAMrRQWd/1EQZeFKfWNUNRz/UMf4Q7zXvV+EBZLbtkdgU4Tb0xKZIxaWPz02wnPFMTIJTOm5bkpBjnTKLiEQcHPDKSM91gXWpbGTIEJ8tEXA7pvlTbtJNpWjHSk/p7ImTKmryLbqRjemElvKP7ntTLsnAa5iNMMIeY/izqZpJjQYSS0LTRwlH1LGNfC3kr5DdOMow2uYEPwJl+eJo2jslcpH19WSmfn4ziWyA7ZIwfEIyfkjFRJjdQJJw/kibyQV+fReXbenPef1hlnPLNN/sD5+AaxCZgT</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>

GW

<latexit sha1_base64="CZ5OVetlCoOgKqGU7qArmRA+wlg=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSap0borutBlFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtLyyulZcL21sbm3vlHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpe5376nUrFY3OlJQv0IDwULGcHaSLdX7X65gmx06lXPPYhsDzk1Nyeu5yBUhY6NZqiABRr98ntvEJM0okITjpXqOijRfoalZoTTaamXKppgMsZD2jVU4IgqP5tdOoVHRhnAMJamhIYz9ftEhiOlJlFgOiOsR+q3l4t/ed1UhzU/YyJJNRVkvihMOdQxzN+GAyYp0XxiCCaSmVshGWGJiTbhlEwIX5/C/0nLtZ0T27txK/WLRRxFcAAOwTFwwBmog2vQAE1AQAgewBN4tsbWo/Vivc5bC9ZiZh/8gPX2CZ5hjW4=</latexit>

!1 ⇠ GHz

<latexit sha1_base64="qYhkkc38RxWu/aP13Rm07y/0gdU=">AAACAXicbVA9SwNBEN2L3/Hr1EawWQyCVbiTiJZBCy0VjAnkQtjbTJIlu3fH7pwYj9j4V2wsFLH1X9j5b9x8FJr4YODx3gwz88JECoOe9+3k5uYXFpeWV/Kra+sbm+7W9q2JU82hwmMZ61rIDEgRQQUFSqglGpgKJVTD3vnQr96BNiKObrCfQEOxTiTagjO0UtPdDWIFHdb0aWCEogHCPWYXlw+Dplvwit4IdJb4E1IgE1w13a+gFfNUQYRcMmPqvpdgI2MaBZcwyAepgYTxHutA3dKIKTCNbPTBgB5YpUXbsbYVIR2pvycypozpq9B2KoZdM+0Nxf+8eort00YmoiRFiPh4UTuVFGM6jIO2hAaOsm8J41rYWynvMs042tDyNgR/+uVZcntU9EvF4+tSoXw2iWOZ7JF9ckh8ckLK5JJckQrh5JE8k1fy5jw5L8678zFuzTmTmR3yB87nDwHClp8=</latexit>

si
gn

al
m
od

e

<latexit sha1_base64="lUt98fl/sK7fP3VS5EnCkTb8f4w=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqWQXre2t6MVjBWsL26Vks9k2NJssSVYoS3+GFw+KePXXePPfmG0rqOiDgcd7M8zMC1POtEHowymtrK6tb5Q3K1vbO7t71f2DOy0zRWiXSC5VP8SaciZo1zDDaT9VFCchp71wclX4vXuqNJPi1kxTGiR4JFjMCDZW8jUbCcxhIiM6rNZQHVk0GrAgbhO5lrRaTc9rQXduIVQDS3SG1fdBJEmWUGEIx1r7LkpNkGNlGOF0VhlkmqaYTPCI+pYKnFAd5POTZ/DEKhGMpbIlDJyr3ydynGg9TULbmWAz1r+9QvzL8zMTN4OciTQzVJDFojjj0EhY/A8jpigxfGoJJorZWyEZY4WJsSlVbAhfn8L/yZ1Xd8/q5zderX25jKMMjsAxOAUuuABtcA06oAsIkOABPIFnxziPzovzumgtOcuZQ/ADztsnhrCRbg==</latexit>

Signal mode: !1 � !0 ⌧ !0

<latexit sha1_base64="6UIPF/kqNioklnbjx61xjc7CtRE="></latexit>
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Load the cavity in pump mode

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

dP
/d

!

<latexit sha1_base64="xxdLS6Xx3S7sLXOWamV8KJKwXMk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BLx4jmAcmS5idnU2GzGOZmRVCyF948aCIV//Gm3/jJNmDRgsaiqpuuruilDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUZkmtEkUV7oTYUM5k7RpmeW0k2qKRcRpOxrdzPz2I9WGKXlvxykNBR5IljCCrZMe4sZZ3FOCDnC/XPGr/hzoLwlyUoEcjX75sxcrkgkqLeHYmG7gpzacYG0Z4XRa6mWGppiM8IB2HZVYUBNO5hdP0YlTYpQo7UpaNFd/TkywMGYsItcpsB2aZW8m/ud1M5tchRMm08xSSRaLkowjq9DsfRQzTYnlY0cw0czdisgQa0ysC6nkQgiWX/5LWufVoFa9uKtV6td5HEU4gmM4hQAuoQ630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+AR/7kJI=</latexit>

p
u
m
p
m
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e

<latexit sha1_base64="cct3Dfynmr+Kp6dV94emdwKB1Is=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ie0Q8lkMm1oMhOSjFBKv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPIBhV2nE+rNza+sbmVn67sLO7t39QPDzqqCSVmLRxwhLZC5AijMakralmpCckQTxgpBtMrjK/e0+kokl8q6eC+ByNYhpRjLSR7kTKBeRJSIbFkmNfNGpe1YOO7Th1r1zLiFeveGXoGiVDCazQGhbfB2GCU05ijRlSqu86QvszJDXFjMwLg1QRgfAEjUjf0BhxovzZ4uA5PDNKCKNEmoo1XKjfJ2aIKzXlgenkSI/Vby8T//L6qY4a/ozGItUkxstFUcqgTmD2PQypJFizqSEIS2puhXiMJMLaZFQwIXx9Cv8nHc92K3b1xis1L1dx5MEJOAXnwAV10ATXoAXaAAMOHsATeLak9Wi9WK/L1py1mjkGP2C9fQIkEZCl</latexit>

!0 ⇠ GHz

<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

m
ec
h
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ic
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re
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<latexit sha1_base64="dZ13xRMkfNNsyqqz/8SNjjy94UA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTFF0W3bisYB/QDiWT3mlDk8yQZIQ6FH/FjQtF3Pof7vwb03YW2nrgwsk595J7T5hwpo3nfTuFldW19Y3iZmlre2d3z90/aOo4VRQaNOaxaodEA2cSGoYZDu1EAREhh1Y4upn6rQdQmsXy3owTCAQZSBYxSoyVeu6RADok0r45VqBjSSSFnlv2Kt4MeJn4OSmjHPWe+9XtxzQVIA3lROuO7yUmyIgyjHKYlLqphoTQERlAx1JJBOggm20/wadW6eMoVrakwTP190RGhNZjEdpOQcxQL3pT8T+vk5roKsiYTFIDks4/ilKOTYynUeA+U0ANH1tCqGJ2V2yzUIQaG1jJhuAvnrxMmtWKf165uKuWa9d5HEV0jE7QGfLRJaqhW1RHDUTRI3pGr+jNeXJenHfnY95acPKZQ/QHzucPqI2VXA==</latexit>

!p ⇠ 10 kHz

<latexit sha1_base64="48X4yS/FTH/+6R70jGPKwT9LJKA=">AAACBXicbVA9SwNBEN3z2/gVtdRiMQgWEu4koqVokzKCSYTccextJnHJ7t2xOyfGI42Nf8XGQhFb/4Od/8ZNTKGJDwYe780wMy9KpTDoul/OzOzc/MLi0nJhZXVtfaO4udUwSaY51HkiE30dMQNSxFBHgRKuUw1MRRKaUe9i6DdvQRuRxFfYTyFQrBuLjuAMrRQWd/1EQZeFKfWNUNRz/UMf4Q7zXvV+EBZLbtkdgU4Tb0xKZIxaWPz02wnPFMTIJTOm5bkpBjnTKLiEQcHPDKSM91gXWpbGTIEJ8tEXA7pvlTbtJNpWjHSk/p7ImTKmryLbqRjemElvKP7ntTLsnAa5iNMMIeY/izqZpJjQYSS0LTRwlH1LGNfC3kr5DdOMow2uYEPwJl+eJo2jslcpH19WSmfn4ziWyA7ZIwfEIyfkjFRJjdQJJw/kibyQV+fReXbenPef1hlnPLNN/sD5+AaxCZgT</latexit>

resonant GW

<latexit sha1_base64="CNRnjMTTRf9sYeLMs7FhpmojT+w=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6a2VXdFF7qsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YtiOo6IELh3Pu5d57woQzbRD6cJaWV1bX1gsbxc2t7Z3d0t5+W8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSccX838zj1VmklxZyYJDWI8FCxiBBsr+YpqKbAw8LrTL5WRW0PeRf0UIhdZVOswV+rQmysIlUGOZr/03htIksZUGMKx1r6HEhNkWBlGOJ0We6mmCSZjPKS+pQLHVAfZ/OQpPLbKAEZS2bLr5+r3iQzHWk/i0HbG2Iz0b28m/uX5qYnOg4yJJDVUkMWiKOXQSDj7Hw6YosTwiSWYKGZvhWSEFSbGplS0IXx9Cv8n7YrrVd3abaXcuMzjKIBDcAROgAfOQAPcgCZoAQIkeABP4NkxzqPz4rwuWpecfOYA/IDz9glfYpFT</latexit>

!g = !1 � !0

<latexit sha1_base64="mnZf49NxS1R23Pw5/2PQcBWcYnk=">AAACB3icdZDLSgMxFIYzXmu9jboUJFgENw4ZbasuhKIblxXsBdphyKSZaWjmQpIRytCdG1/FjQtF3PoK7nwb03YKKvpD4Oc753Byfi/hTCqEPo25+YXFpeXCSnF1bX1j09zabso4FYQ2SMxj0fawpJxFtKGY4rSdCIpDj9OWN7ga11t3VEgWR7dqmFAnxEHEfEaw0sg197pxSAPsBvAC5taGRzOLXLOErAqyz6snEFlIq1yFOalCe0IQKoFcddf86PZikoY0UoRjKTs2SpSTYaEY4XRU7KaSJpgMcEA72kY4pNLJJneM4IEmPejHQr9IwQn9PpHhUMph6OnOEKu+/F0bw79qnVT5Z07GoiRVNCLTRX7KoYrhOBTYY4ISxYfaYCKY/iskfSwwUTq6og5hdin83zSPLbtsVW7KpdplHkcB7IJ9cAhscApq4BrUQQMQcA8ewTN4MR6MJ+PVeJu2zhn5zA74IeP9C/DpmBo=</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>

GW

<latexit sha1_base64="CZ5OVetlCoOgKqGU7qArmRA+wlg=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSap0borutBlFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtLyyulZcL21sbm3vlHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpe5376nUrFY3OlJQv0IDwULGcHaSLdX7X65gmx06lXPPYhsDzk1Nyeu5yBUhY6NZqiABRr98ntvEJM0okITjpXqOijRfoalZoTTaamXKppgMsZD2jVU4IgqP5tdOoVHRhnAMJamhIYz9ftEhiOlJlFgOiOsR+q3l4t/ed1UhzU/YyJJNRVkvihMOdQxzN+GAyYp0XxiCCaSmVshGWGJiTbhlEwIX5/C/0nLtZ0T27txK/WLRRxFcAAOwTFwwBmog2vQAE1AQAgewBN4tsbWo/Vivc5bC9ZiZh/8gPX2CZ5hjW4=</latexit>

!1 ⇠ GHz

<latexit sha1_base64="qYhkkc38RxWu/aP13Rm07y/0gdU=">AAACAXicbVA9SwNBEN2L3/Hr1EawWQyCVbiTiJZBCy0VjAnkQtjbTJIlu3fH7pwYj9j4V2wsFLH1X9j5b9x8FJr4YODx3gwz88JECoOe9+3k5uYXFpeWV/Kra+sbm+7W9q2JU82hwmMZ61rIDEgRQQUFSqglGpgKJVTD3vnQr96BNiKObrCfQEOxTiTagjO0UtPdDWIFHdb0aWCEogHCPWYXlw+Dplvwit4IdJb4E1IgE1w13a+gFfNUQYRcMmPqvpdgI2MaBZcwyAepgYTxHutA3dKIKTCNbPTBgB5YpUXbsbYVIR2pvycypozpq9B2KoZdM+0Nxf+8eort00YmoiRFiPh4UTuVFGM6jIO2hAaOsm8J41rYWynvMs042tDyNgR/+uVZcntU9EvF4+tSoXw2iWOZ7JF9ckh8ckLK5JJckQrh5JE8k1fy5jw5L8678zFuzTmTmR3yB87nDwHClp8=</latexit>

si
gn

al
m
od

e

<latexit sha1_base64="lUt98fl/sK7fP3VS5EnCkTb8f4w=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqWQXre2t6MVjBWsL26Vks9k2NJssSVYoS3+GFw+KePXXePPfmG0rqOiDgcd7M8zMC1POtEHowymtrK6tb5Q3K1vbO7t71f2DOy0zRWiXSC5VP8SaciZo1zDDaT9VFCchp71wclX4vXuqNJPi1kxTGiR4JFjMCDZW8jUbCcxhIiM6rNZQHVk0GrAgbhO5lrRaTc9rQXduIVQDS3SG1fdBJEmWUGEIx1r7LkpNkGNlGOF0VhlkmqaYTPCI+pYKnFAd5POTZ/DEKhGMpbIlDJyr3ydynGg9TULbmWAz1r+9QvzL8zMTN4OciTQzVJDFojjj0EhY/A8jpigxfGoJJorZWyEZY4WJsSlVbAhfn8L/yZ1Xd8/q5zderX25jKMMjsAxOAUuuABtcA06oAsIkOABPIFnxziPzovzumgtOcuZQ/ADztsnhrCRbg==</latexit>

Signal mode: !1 � !0 ⌧ !0

<latexit sha1_base64="6UIPF/kqNioklnbjx61xjc7CtRE="></latexit>
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Load the cavity in pump mode

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

dP
/d

!

<latexit sha1_base64="xxdLS6Xx3S7sLXOWamV8KJKwXMk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BLx4jmAcmS5idnU2GzGOZmRVCyF948aCIV//Gm3/jJNmDRgsaiqpuuruilDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUZkmtEkUV7oTYUM5k7RpmeW0k2qKRcRpOxrdzPz2I9WGKXlvxykNBR5IljCCrZMe4sZZ3FOCDnC/XPGr/hzoLwlyUoEcjX75sxcrkgkqLeHYmG7gpzacYG0Z4XRa6mWGppiM8IB2HZVYUBNO5hdP0YlTYpQo7UpaNFd/TkywMGYsItcpsB2aZW8m/ud1M5tchRMm08xSSRaLkowjq9DsfRQzTYnlY0cw0czdisgQa0ysC6nkQgiWX/5LWufVoFa9uKtV6td5HEU4gmM4hQAuoQ630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+AR/7kJI=</latexit>

p
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e

<latexit sha1_base64="cct3Dfynmr+Kp6dV94emdwKB1Is=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ie0Q8lkMm1oMhOSjFBKv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPIBhV2nE+rNza+sbmVn67sLO7t39QPDzqqCSVmLRxwhLZC5AijMakralmpCckQTxgpBtMrjK/e0+kokl8q6eC+ByNYhpRjLSR7kTKBeRJSIbFkmNfNGpe1YOO7Th1r1zLiFeveGXoGiVDCazQGhbfB2GCU05ijRlSqu86QvszJDXFjMwLg1QRgfAEjUjf0BhxovzZ4uA5PDNKCKNEmoo1XKjfJ2aIKzXlgenkSI/Vby8T//L6qY4a/ozGItUkxstFUcqgTmD2PQypJFizqSEIS2puhXiMJMLaZFQwIXx9Cv8nHc92K3b1xis1L1dx5MEJOAXnwAV10ATXoAXaAAMOHsATeLak9Wi9WK/L1py1mjkGP2C9fQIkEZCl</latexit>

!0 ⇠ GHz

<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

m
ec
h
an

ic
al

re
so
n
an

ce

<latexit sha1_base64="dZ13xRMkfNNsyqqz/8SNjjy94UA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTFF0W3bisYB/QDiWT3mlDk8yQZIQ6FH/FjQtF3Pof7vwb03YW2nrgwsk595J7T5hwpo3nfTuFldW19Y3iZmlre2d3z90/aOo4VRQaNOaxaodEA2cSGoYZDu1EAREhh1Y4upn6rQdQmsXy3owTCAQZSBYxSoyVeu6RADok0r45VqBjSSSFnlv2Kt4MeJn4OSmjHPWe+9XtxzQVIA3lROuO7yUmyIgyjHKYlLqphoTQERlAx1JJBOggm20/wadW6eMoVrakwTP190RGhNZjEdpOQcxQL3pT8T+vk5roKsiYTFIDks4/ilKOTYynUeA+U0ANH1tCqGJ2V2yzUIQaG1jJhuAvnrxMmtWKf165uKuWa9d5HEV0jE7QGfLRJaqhW1RHDUTRI3pGr+jNeXJenHfnY95acPKZQ/QHzucPqI2VXA==</latexit>

!p ⇠ 10 kHz

<latexit sha1_base64="48X4yS/FTH/+6R70jGPKwT9LJKA=">AAACBXicbVA9SwNBEN3z2/gVtdRiMQgWEu4koqVokzKCSYTccextJnHJ7t2xOyfGI42Nf8XGQhFb/4Od/8ZNTKGJDwYe780wMy9KpTDoul/OzOzc/MLi0nJhZXVtfaO4udUwSaY51HkiE30dMQNSxFBHgRKuUw1MRRKaUe9i6DdvQRuRxFfYTyFQrBuLjuAMrRQWd/1EQZeFKfWNUNRz/UMf4Q7zXvV+EBZLbtkdgU4Tb0xKZIxaWPz02wnPFMTIJTOm5bkpBjnTKLiEQcHPDKSM91gXWpbGTIEJ8tEXA7pvlTbtJNpWjHSk/p7ImTKmryLbqRjemElvKP7ntTLsnAa5iNMMIeY/izqZpJjQYSS0LTRwlH1LGNfC3kr5DdOMow2uYEPwJl+eJo2jslcpH19WSmfn4ziWyA7ZIwfEIyfkjFRJjdQJJw/kibyQV+fReXbenPef1hlnPLNN/sD5+AaxCZgT</latexit>

resonant GW

<latexit sha1_base64="CNRnjMTTRf9sYeLMs7FhpmojT+w=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6a2VXdFF7qsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YtiOo6IELh3Pu5d57woQzbRD6cJaWV1bX1gsbxc2t7Z3d0t5+W8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSccX838zj1VmklxZyYJDWI8FCxiBBsr+YpqKbAw8LrTL5WRW0PeRf0UIhdZVOswV+rQmysIlUGOZr/03htIksZUGMKx1r6HEhNkWBlGOJ0We6mmCSZjPKS+pQLHVAfZ/OQpPLbKAEZS2bLr5+r3iQzHWk/i0HbG2Iz0b28m/uX5qYnOg4yJJDVUkMWiKOXQSDj7Hw6YosTwiSWYKGZvhWSEFSbGplS0IXx9Cv8n7YrrVd3abaXcuMzjKIBDcAROgAfOQAPcgCZoAQIkeABP4NkxzqPz4rwuWpecfOYA/IDz9glfYpFT</latexit>

!g = !1 � !0

<latexit sha1_base64="mnZf49NxS1R23Pw5/2PQcBWcYnk=">AAACB3icdZDLSgMxFIYzXmu9jboUJFgENw4ZbasuhKIblxXsBdphyKSZaWjmQpIRytCdG1/FjQtF3PoK7nwb03YKKvpD4Oc753Byfi/hTCqEPo25+YXFpeXCSnF1bX1j09zabso4FYQ2SMxj0fawpJxFtKGY4rSdCIpDj9OWN7ga11t3VEgWR7dqmFAnxEHEfEaw0sg197pxSAPsBvAC5taGRzOLXLOErAqyz6snEFlIq1yFOalCe0IQKoFcddf86PZikoY0UoRjKTs2SpSTYaEY4XRU7KaSJpgMcEA72kY4pNLJJneM4IEmPejHQr9IwQn9PpHhUMph6OnOEKu+/F0bw79qnVT5Z07GoiRVNCLTRX7KoYrhOBTYY4ISxYfaYCKY/iskfSwwUTq6og5hdin83zSPLbtsVW7KpdplHkcB7IJ9cAhscApq4BrUQQMQcA8ewTN4MR6MJ+PVeJu2zhn5zA74IeP9C/DpmBo=</latexit>

broadband GW

<latexit sha1_base64="ioSzeLnpo0Wysgm23NWLWmGR1Gg=">AAAB83icdZDLSgMxFIYzXmu9VV26CRbB1ZCpbdVd0YUuK9gLtEPJZDJtaCYZkoxQhr6GGxeKuPVl3Pk2pu0IKvpD4PD953BO/iDhTBuEPpyl5ZXVtfXCRnFza3tnt7S339YyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxlczv3NPlWZS3JlJQv0YDwWLGMHGon6gJA4DLEJ43RmUysitIe+ifgqRi6yqdZiTOvTmBKEyyNUclN77oSRpTIUhHGvd81Bi/Awrwwin02I/1TTBZIyHtGdLgWOq/Wx+8xQeWxLCSCr7hIFz+n0iw7HWkziwnTE2I/3bm8G/vF5qonM/YyJJDRVksShKOTQSzgKAIVOUGD6xBSaK2VshGWGFibExFW0IXz+F/xftiutV3dptpdy4zOMogENwBE6AB85AA9yAJmgBAhLwAJ7As5M6j86L87poXXLymQPwQ87bJ9ThkZA=</latexit>

!g > !1 � !0

<latexit sha1_base64="xOdZEiUMjhWeMvFn534FuREQUpk=">AAACB3icdZDLSgMxFIYzXmu9jboUJFgENw4ZbatupOjGZQV7gXYYMmlmGpq5kGSEMnTnxldx40IRt76CO9/GtJ2Civ4Q+PnOOZyc30s4kwqhT2NufmFxabmwUlxdW9/YNLe2mzJOBaENEvNYtD0sKWcRbSimOG0nguLQ47TlDa7G9dYdFZLF0a0aJtQJcRAxnxGsNHLNvW4c0gC7AbyAubXh0cwi1ywhq4Ls8+oJRBbSKldhTqrQnhCESiBX3TU/ur2YpCGNFOFYyo6NEuVkWChGOB0Vu6mkCSYDHNCOthEOqXSyyR0jeKBJD/qx0C9ScEK/T2Q4lHIYerozxKovf9fG8K9aJ1X+mZOxKEkVjch0kZ9yqGI4DgX2mKBE8aE2mAim/wpJHwtMlI6uqEOYXQr/N81jyy5blZtyqXaZx1EAu2AfHAIbnIIauAZ10AAE3INH8AxejAfjyXg13qatc0Y+swN+yHj/AvKBmBs=</latexit>

!0 + !g

<latexit sha1_base64="7ZiZlOQ2B8HZ893lwSLpNGKexQE=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiCEJJpKLLohuXFewF2hAm00k7dC5hZiKEUF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+aOEUW0879spra1vbG6Vtys7u3v7B+7hUUfLVGHSxpJJ1YuQJowK0jbUMNJLFEE8YqQbTW5n9e4jUZpK8WCyhAQcjQSNKUbGWqFbHUhORij04DkscBS6Na/uzQVXwS+gBgq1QvdrMJQ45UQYzJDWfd9LTJAjZShmZFoZpJokCE/QiPQtCsSJDvL58VN4ap0hjKWyTxg4d39P5IhrnfHIdnJkxnq5NjP/q/VTE18HORVJaojAi0VxyqCRcJYEHFJFsGGZBYQVtbdCPEYKYWPzqtgQ/OUvr0Lnou436pf3jVrzpoijDI7BCTgDPrgCTXAHWqANMMjAM3gFb86T8+K8Ox+L1pJTzFTBHzmfP2jYk/s=</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>

GW

<latexit sha1_base64="CZ5OVetlCoOgKqGU7qArmRA+wlg=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSap0borutBlFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtLyyulZcL21sbm3vlHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpe5376nUrFY3OlJQv0IDwULGcHaSLdX7X65gmx06lXPPYhsDzk1Nyeu5yBUhY6NZqiABRr98ntvEJM0okITjpXqOijRfoalZoTTaamXKppgMsZD2jVU4IgqP5tdOoVHRhnAMJamhIYz9ftEhiOlJlFgOiOsR+q3l4t/ed1UhzU/YyJJNRVkvihMOdQxzN+GAyYp0XxiCCaSmVshGWGJiTbhlEwIX5/C/0nLtZ0T27txK/WLRRxFcAAOwTFwwBmog2vQAE1AQAgewBN4tsbWo/Vivc5bC9ZiZh/8gPX2CZ5hjW4=</latexit>

!1 ⇠ GHz

<latexit sha1_base64="qYhkkc38RxWu/aP13Rm07y/0gdU=">AAACAXicbVA9SwNBEN2L3/Hr1EawWQyCVbiTiJZBCy0VjAnkQtjbTJIlu3fH7pwYj9j4V2wsFLH1X9j5b9x8FJr4YODx3gwz88JECoOe9+3k5uYXFpeWV/Kra+sbm+7W9q2JU82hwmMZ61rIDEgRQQUFSqglGpgKJVTD3vnQr96BNiKObrCfQEOxTiTagjO0UtPdDWIFHdb0aWCEogHCPWYXlw+Dplvwit4IdJb4E1IgE1w13a+gFfNUQYRcMmPqvpdgI2MaBZcwyAepgYTxHutA3dKIKTCNbPTBgB5YpUXbsbYVIR2pvycypozpq9B2KoZdM+0Nxf+8eort00YmoiRFiPh4UTuVFGM6jIO2hAaOsm8J41rYWynvMs042tDyNgR/+uVZcntU9EvF4+tSoXw2iWOZ7JF9ckh8ckLK5JJckQrh5JE8k1fy5jw5L8678zFuzTmTmR3yB87nDwHClp8=</latexit>

si
gn

al
m
od

e

<latexit sha1_base64="lUt98fl/sK7fP3VS5EnCkTb8f4w=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqWQXre2t6MVjBWsL26Vks9k2NJssSVYoS3+GFw+KePXXePPfmG0rqOiDgcd7M8zMC1POtEHowymtrK6tb5Q3K1vbO7t71f2DOy0zRWiXSC5VP8SaciZo1zDDaT9VFCchp71wclX4vXuqNJPi1kxTGiR4JFjMCDZW8jUbCcxhIiM6rNZQHVk0GrAgbhO5lrRaTc9rQXduIVQDS3SG1fdBJEmWUGEIx1r7LkpNkGNlGOF0VhlkmqaYTPCI+pYKnFAd5POTZ/DEKhGMpbIlDJyr3ydynGg9TULbmWAz1r+9QvzL8zMTN4OciTQzVJDFojjj0EhY/A8jpigxfGoJJorZWyEZY4WJsSlVbAhfn8L/yZ1Xd8/q5zderX25jKMMjsAxOAUuuABtcA06oAsIkOABPIFnxziPzovzumgtOcuZQ/ADztsnhrCRbg==</latexit>

Signal mode: !1 � !0 ⌧ !0

<latexit sha1_base64="6UIPF/kqNioklnbjx61xjc7CtRE="></latexit>
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Load the cavity in pump mode

!

<latexit sha1_base64="amRWnBX673DWeoMIa72Gd54pRsI=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5id9CZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ7V6SsCQ9MsVv+rPgVdJkJMKytHol796A0VTAdJSTozpBn5iw4xoyyiHaamXGkgIHZMhdB2VRIAJs/m1U3zmlAGOlXYlLZ6rvycyIoyZiMh1CmJHZtmbif953dTG12HGZJJakHSxKE45tgrPXscDpoFaPnGEUM3crZiOiCbUuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKKHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPksmPIw==</latexit>

dP
/d

!

<latexit sha1_base64="xxdLS6Xx3S7sLXOWamV8KJKwXMk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KRI9BLx4jmAcmS5idnU2GzGOZmRVCyF948aCIV//Gm3/jJNmDRgsaiqpuuruilDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUZkmtEkUV7oTYUM5k7RpmeW0k2qKRcRpOxrdzPz2I9WGKXlvxykNBR5IljCCrZMe4sZZ3FOCDnC/XPGr/hzoLwlyUoEcjX75sxcrkgkqLeHYmG7gpzacYG0Z4XRa6mWGppiM8IB2HZVYUBNO5hdP0YlTYpQo7UpaNFd/TkywMGYsItcpsB2aZW8m/ud1M5tchRMm08xSSRaLkowjq9DsfRQzTYnlY0cw0czdisgQa0ysC6nkQgiWX/5LWufVoFa9uKtV6td5HEU4gmM4hQAuoQ630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+AR/7kJI=</latexit>

p
u
m
p
m
od

e

<latexit sha1_base64="cct3Dfynmr+Kp6dV94emdwKB1Is=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamT3dFNy4r2Ie0Q8lkMm1oMhOSjFBKv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPIBhV2nE+rNza+sbmVn67sLO7t39QPDzqqCSVmLRxwhLZC5AijMakralmpCckQTxgpBtMrjK/e0+kokl8q6eC+ByNYhpRjLSR7kTKBeRJSIbFkmNfNGpe1YOO7Th1r1zLiFeveGXoGiVDCazQGhbfB2GCU05ijRlSqu86QvszJDXFjMwLg1QRgfAEjUjf0BhxovzZ4uA5PDNKCKNEmoo1XKjfJ2aIKzXlgenkSI/Vby8T//L6qY4a/ozGItUkxstFUcqgTmD2PQypJFizqSEIS2puhXiMJMLaZFQwIXx9Cv8nHc92K3b1xis1L1dx5MEJOAXnwAV10ATXoAXaAAMOHsATeLak9Wi9WK/L1py1mjkGP2C9fQIkEZCl</latexit>

!0 ⇠ GHz

<latexit sha1_base64="w6wAFNsjaQJlSQhJANQXMQOo+dc=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgET2FXFD2KHswxgnlAdllmJ504OLO7zPSKcYkXf8WLB0W8+hfe/Bsnj4MaCxqKqm66u6JUCoOu++XMzM7NLywWlorLK6tr66WNzYZJMs2hzhOZ6FbEDEgRQx0FSmilGpiKJDSjm/Oh37wFbUQSX2E/hUCxXiy6gjO0Ulja9hMFPRa61DdCUR/hDvOL6v0gLJXdijsCnSbehJTJBLWw9Ol3Ep4piJFLZkzbc1MMcqZRcAmDop8ZSBm/YT1oWxozBSbIRx8M6J5VOrSbaFsx0pH6cyJnypi+imynYnht/npD8T+vnWH3JMhFnGYIMR8v6maSYkKHcdCO0MBR9i1hXAt7K+XXTDOONrSiDcH7+/I0aRxUvMPK0eVh+fRsEkeB7JBdsk88ckxOSZXUSJ1w8kCeyAt5dR6dZ+fNeR+3zjiTmS3yC87HNwAulp4=</latexit>

m
ec
h
an

ic
al

re
so
n
an

ce

<latexit sha1_base64="dZ13xRMkfNNsyqqz/8SNjjy94UA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTFF0W3bisYB/QDiWT3mlDk8yQZIQ6FH/FjQtF3Pof7vwb03YW2nrgwsk595J7T5hwpo3nfTuFldW19Y3iZmlre2d3z90/aOo4VRQaNOaxaodEA2cSGoYZDu1EAREhh1Y4upn6rQdQmsXy3owTCAQZSBYxSoyVeu6RADok0r45VqBjSSSFnlv2Kt4MeJn4OSmjHPWe+9XtxzQVIA3lROuO7yUmyIgyjHKYlLqphoTQERlAx1JJBOggm20/wadW6eMoVrakwTP190RGhNZjEdpOQcxQL3pT8T+vk5roKsiYTFIDks4/ilKOTYynUeA+U0ANH1tCqGJ2V2yzUIQaG1jJhuAvnrxMmtWKf165uKuWa9d5HEV0jE7QGfLRJaqhW1RHDUTRI3pGr+jNeXJenHfnY95acPKZQ/QHzucPqI2VXA==</latexit>

!p ⇠ 10 kHz

<latexit sha1_base64="48X4yS/FTH/+6R70jGPKwT9LJKA=">AAACBXicbVA9SwNBEN3z2/gVtdRiMQgWEu4koqVokzKCSYTccextJnHJ7t2xOyfGI42Nf8XGQhFb/4Od/8ZNTKGJDwYe780wMy9KpTDoul/OzOzc/MLi0nJhZXVtfaO4udUwSaY51HkiE30dMQNSxFBHgRKuUw1MRRKaUe9i6DdvQRuRxFfYTyFQrBuLjuAMrRQWd/1EQZeFKfWNUNRz/UMf4Q7zXvV+EBZLbtkdgU4Tb0xKZIxaWPz02wnPFMTIJTOm5bkpBjnTKLiEQcHPDKSM91gXWpbGTIEJ8tEXA7pvlTbtJNpWjHSk/p7ImTKmryLbqRjemElvKP7ntTLsnAa5iNMMIeY/izqZpJjQYSS0LTRwlH1LGNfC3kr5DdOMow2uYEPwJl+eJo2jslcpH19WSmfn4ziWyA7ZIwfEIyfkjFRJjdQJJw/kibyQV+fReXbenPef1hlnPLNN/sD5+AaxCZgT</latexit>

resonant GW

<latexit sha1_base64="CNRnjMTTRf9sYeLMs7FhpmojT+w=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6a2VXdFF7qsYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YtiOo6IELh3Pu5d57woQzbRD6cJaWV1bX1gsbxc2t7Z3d0t5+W8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaSccX838zj1VmklxZyYJDWI8FCxiBBsr+YpqKbAw8LrTL5WRW0PeRf0UIhdZVOswV+rQmysIlUGOZr/03htIksZUGMKx1r6HEhNkWBlGOJ0We6mmCSZjPKS+pQLHVAfZ/OQpPLbKAEZS2bLr5+r3iQzHWk/i0HbG2Iz0b28m/uX5qYnOg4yJJDVUkMWiKOXQSDj7Hw6YosTwiSWYKGZvhWSEFSbGplS0IXx9Cv8n7YrrVd3abaXcuMzjKIBDcAROgAfOQAPcgCZoAQIkeABP4NkxzqPz4rwuWpecfOYA/IDz9glfYpFT</latexit>

!g = !1 � !0

<latexit sha1_base64="mnZf49NxS1R23Pw5/2PQcBWcYnk=">AAACB3icdZDLSgMxFIYzXmu9jboUJFgENw4ZbasuhKIblxXsBdphyKSZaWjmQpIRytCdG1/FjQtF3PoK7nwb03YKKvpD4Oc753Byfi/hTCqEPo25+YXFpeXCSnF1bX1j09zabso4FYQ2SMxj0fawpJxFtKGY4rSdCIpDj9OWN7ga11t3VEgWR7dqmFAnxEHEfEaw0sg197pxSAPsBvAC5taGRzOLXLOErAqyz6snEFlIq1yFOalCe0IQKoFcddf86PZikoY0UoRjKTs2SpSTYaEY4XRU7KaSJpgMcEA72kY4pNLJJneM4IEmPejHQr9IwQn9PpHhUMph6OnOEKu+/F0bw79qnVT5Z07GoiRVNCLTRX7KoYrhOBTYY4ISxYfaYCKY/iskfSwwUTq6og5hdin83zSPLbtsVW7KpdplHkcB7IJ9cAhscApq4BrUQQMQcA8ewTN4MR6MJ+PVeJu2zhn5zA74IeP9C/DpmBo=</latexit>

broadband GW

<latexit sha1_base64="ioSzeLnpo0Wysgm23NWLWmGR1Gg=">AAAB83icdZDLSgMxFIYzXmu9VV26CRbB1ZCpbdVd0YUuK9gLtEPJZDJtaCYZkoxQhr6GGxeKuPVl3Pk2pu0IKvpD4PD953BO/iDhTBuEPpyl5ZXVtfXCRnFza3tnt7S339YyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxlczv3NPlWZS3JlJQv0YDwWLGMHGon6gJA4DLEJ43RmUysitIe+ifgqRi6yqdZiTOvTmBKEyyNUclN77oSRpTIUhHGvd81Bi/Awrwwin02I/1TTBZIyHtGdLgWOq/Wx+8xQeWxLCSCr7hIFz+n0iw7HWkziwnTE2I/3bm8G/vF5qonM/YyJJDRVksShKOTQSzgKAIVOUGD6xBSaK2VshGWGFibExFW0IXz+F/xftiutV3dptpdy4zOMogENwBE6AB85AA9yAJmgBAhLwAJ7As5M6j86L87poXXLymQPwQ87bJ9ThkZA=</latexit>

!g > !1 � !0

<latexit sha1_base64="xOdZEiUMjhWeMvFn534FuREQUpk=">AAACB3icdZDLSgMxFIYzXmu9jboUJFgENw4ZbatupOjGZQV7gXYYMmlmGpq5kGSEMnTnxldx40IRt76CO9/GtJ2Civ4Q+PnOOZyc30s4kwqhT2NufmFxabmwUlxdW9/YNLe2mzJOBaENEvNYtD0sKWcRbSimOG0nguLQ47TlDa7G9dYdFZLF0a0aJtQJcRAxnxGsNHLNvW4c0gC7AbyAubXh0cwi1ywhq4Ls8+oJRBbSKldhTqrQnhCESiBX3TU/ur2YpCGNFOFYyo6NEuVkWChGOB0Vu6mkCSYDHNCOthEOqXSyyR0jeKBJD/qx0C9ScEK/T2Q4lHIYerozxKovf9fG8K9aJ1X+mZOxKEkVjch0kZ9yqGI4DgX2mKBE8aE2mAim/wpJHwtMlI6uqEOYXQr/N81jyy5blZtyqXaZx1EAu2AfHAIbnIIauAZ10AAE3INH8AxejAfjyXg13qatc0Y+swN+yHj/AvKBmBs=</latexit>

!0 + !g

<latexit sha1_base64="7ZiZlOQ2B8HZ893lwSLpNGKexQE=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiCEJJpKLLohuXFewF2hAm00k7dC5hZiKEUF/FjQtF3Pog7nwbp20W2vrDwMd/zuGc+aOEUW0879spra1vbG6Vtys7u3v7B+7hUUfLVGHSxpJJ1YuQJowK0jbUMNJLFEE8YqQbTW5n9e4jUZpK8WCyhAQcjQSNKUbGWqFbHUhORij04DkscBS6Na/uzQVXwS+gBgq1QvdrMJQ45UQYzJDWfd9LTJAjZShmZFoZpJokCE/QiPQtCsSJDvL58VN4ap0hjKWyTxg4d39P5IhrnfHIdnJkxnq5NjP/q/VTE18HORVJaojAi0VxyqCRcJYEHFJFsGGZBYQVtbdCPEYKYWPzqtgQ/OUvr0Lnou436pf3jVrzpoijDI7BCTgDPrgCTXAHWqANMMjAM3gFb86T8+K8Ox+L1pJTzFTBHzmfP2jYk/s=</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>

GW

<latexit sha1_base64="CZ5OVetlCoOgKqGU7qArmRA+wlg=">AAAB6XicdVDLSsNAFJ3UV62vqks3g0VwFSap0borutBlFfuANpTJdNIOnUzCzEQooX/gxoUibv0jd/6Nk7aCih64cDjnXu69J0g4UxqhD6uwtLyyulZcL21sbm3vlHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpe5376nUrFY3OlJQv0IDwULGcHaSLdX7X65gmx06lXPPYhsDzk1Nyeu5yBUhY6NZqiABRr98ntvEJM0okITjpXqOijRfoalZoTTaamXKppgMsZD2jVU4IgqP5tdOoVHRhnAMJamhIYz9ftEhiOlJlFgOiOsR+q3l4t/ed1UhzU/YyJJNRVkvihMOdQxzN+GAyYp0XxiCCaSmVshGWGJiTbhlEwIX5/C/0nLtZ0T27txK/WLRRxFcAAOwTFwwBmog2vQAE1AQAgewBN4tsbWo/Vivc5bC9ZiZh/8gPX2CZ5hjW4=</latexit>

!1 ⇠ GHz

<latexit sha1_base64="qYhkkc38RxWu/aP13Rm07y/0gdU=">AAACAXicbVA9SwNBEN2L3/Hr1EawWQyCVbiTiJZBCy0VjAnkQtjbTJIlu3fH7pwYj9j4V2wsFLH1X9j5b9x8FJr4YODx3gwz88JECoOe9+3k5uYXFpeWV/Kra+sbm+7W9q2JU82hwmMZ61rIDEgRQQUFSqglGpgKJVTD3vnQr96BNiKObrCfQEOxTiTagjO0UtPdDWIFHdb0aWCEogHCPWYXlw+Dplvwit4IdJb4E1IgE1w13a+gFfNUQYRcMmPqvpdgI2MaBZcwyAepgYTxHutA3dKIKTCNbPTBgB5YpUXbsbYVIR2pvycypozpq9B2KoZdM+0Nxf+8eort00YmoiRFiPh4UTuVFGM6jIO2hAaOsm8J41rYWynvMs042tDyNgR/+uVZcntU9EvF4+tSoXw2iWOZ7JF9ckh8ckLK5JJckQrh5JE8k1fy5jw5L8678zFuzTmTmR3yB87nDwHClp8=</latexit>

si
gn

al
m
od

e

<latexit sha1_base64="lUt98fl/sK7fP3VS5EnCkTb8f4w=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqWQXre2t6MVjBWsL26Vks9k2NJssSVYoS3+GFw+KePXXePPfmG0rqOiDgcd7M8zMC1POtEHowymtrK6tb5Q3K1vbO7t71f2DOy0zRWiXSC5VP8SaciZo1zDDaT9VFCchp71wclX4vXuqNJPi1kxTGiR4JFjMCDZW8jUbCcxhIiM6rNZQHVk0GrAgbhO5lrRaTc9rQXduIVQDS3SG1fdBJEmWUGEIx1r7LkpNkGNlGOF0VhlkmqaYTPCI+pYKnFAd5POTZ/DEKhGMpbIlDJyr3ydynGg9TULbmWAz1r+9QvzL8zMTN4OciTQzVJDFojjj0EhY/A8jpigxfGoJJorZWyEZY4WJsSlVbAhfn8L/yZ1Xd8/q5zderX25jKMMjsAxOAUuuABtcA06oAsIkOABPIFnxziPzovzumgtOcuZQ/ADztsnhrCRbg==</latexit>

Signal mode: !1 � !0 ⌧ !0

<latexit sha1_base64="6UIPF/kqNioklnbjx61xjc7CtRE="></latexit>

How does this work?



LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

MAGO 2.0

22

! ⇠ GHz

<latexit sha1_base64="uyIqUBBoyHXeJTDAN2u0dFn1bRY="></latexit>

E0

<latexit sha1_base64="jMyHraqPPxssNa3HWFcNHC+pHa4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/A410</latexit>

E1

<latexit sha1_base64="tZv7XalW7Z3iPmpmszeviCmNF6o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/Ah411</latexit>

R

<latexit sha1_base64="eDn/26BRHLRCKL3LQ8v1SYAZxgQ="></latexit>
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! ⇠ GHz

<latexit sha1_base64="uyIqUBBoyHXeJTDAN2u0dFn1bRY="></latexit>

!s ⇠ GHz��!

<latexit sha1_base64="hQDb2WiZkEyCuXBOsmX6yCVAAa4="></latexit>

!a ⇠ GHz +�!

<latexit sha1_base64="IGEvndZ1+lTE5s5/MtgYKEsHuaQ="></latexit>

�! ⇠ (a/R)3

<latexit sha1_base64="SQnTfjfceVYQ16bfgVOeQKPA+cg="></latexit>

E0

<latexit sha1_base64="jMyHraqPPxssNa3HWFcNHC+pHa4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/A410</latexit>

E1

<latexit sha1_base64="tZv7XalW7Z3iPmpmszeviCmNF6o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/Ah411</latexit>

a

<latexit sha1_base64="uizzTa+Cvp7uqzRN0dRtCgygptY="></latexit>

E0

E1

R
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! ⇠ GHz

<latexit sha1_base64="uyIqUBBoyHXeJTDAN2u0dFn1bRY="></latexit>

!s ⇠ GHz��!

<latexit sha1_base64="hQDb2WiZkEyCuXBOsmX6yCVAAa4="></latexit>

!a ⇠ GHz +�!

<latexit sha1_base64="IGEvndZ1+lTE5s5/MtgYKEsHuaQ="></latexit>

�! ⇠ (a/R)3

<latexit sha1_base64="SQnTfjfceVYQ16bfgVOeQKPA+cg="></latexit>

E0

<latexit sha1_base64="jMyHraqPPxssNa3HWFcNHC+pHa4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNtze+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w+/A410</latexit>

E1

<latexit sha1_base64="tZv7XalW7Z3iPmpmszeviCmNF6o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRBI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt559eL+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/Ah411</latexit>

a

<latexit sha1_base64="uizzTa+Cvp7uqzRN0dRtCgygptY="></latexit>

E0

E1

R !g

<latexit sha1_base64="AV8hsAWeDSeLtrkfloDWrmN3+BE="></latexit>

GW
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Parametrics of the EM signal: E(EM)
sig ⇠ Qem (!g Lcav)

2 hTT E0

<latexit sha1_base64="NzFS9l4RWDtyPMGgnoBpkOEp6/4="></latexit>

!0

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>
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E(mech)
sig ⇠ Qem hTT E0 min

⇣
1 ,

!g Lcav

cs

⌘2

<latexit sha1_base64="yanGS+FPIRFzUopYkTV9FGCN2Rw="></latexit>

Mechanical signal: !g

<latexit sha1_base64="acyNx0s0exolf4zTgGjG2dQ25LM="></latexit>

⌘gmech

<latexit sha1_base64="viZ04jVlZAtYbNxlWRGNa/VmRyI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoseiF48V7Ac0MWy2k3bpbhJ2N0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJCi2a8ER2Q6KAsxhammkO3VQCESGHTji6nvqdB5CKJfGdHqfgCzKIWcQo0UYK7KoHmtwPgtyTAgugw0lg15y6MwNeJm5BaqhAM7C/vH5CMwGxppwo1XOdVPs5kZpRDpOKlylICR2RAfQMjYkA5eez0yf42Ch9HCXSVKzxTP09kROh1FiEplMQPVSL3lT8z+tlOrr0cxanmYaYzhdFGcc6wdMccJ9JoJqPDSFUMnMrpkMiCdUmrYoJwV18eZm0T+vuWf389qzWuCriKKNDdIROkIsuUAPdoCZqIYoe0TN6RW/Wk/VivVsf89aSVcwcoD+wPn8ASYqUBw==</latexit>

!p

<latexit sha1_base64="55Bql7T1CgdCAQYb2SOS6EfRdEc=">AAAB73icdVDJSgNBEO1xjXGLevTSGARPYSYkmGPQi8cIZoFkCD2dmqRJL2N3jxCG/IQXD4p49Xe8+Td2FsH1QcHjvSqq6kUJZ8b6/ru3srq2vrGZ28pv7+zu7RcODltGpZpCkyqudCciBjiT0LTMcugkGoiIOLSj8eXMb9+BNkzJGztJIBRkKFnMKLFO6vSUgCHpJ/1C0S/V/HJQqeLfJCj5cxTREo1+4a03UDQVIC3lxJhu4Cc2zIi2jHKY5nupgYTQMRlC11FJBJgwm987xadOGeBYaVfS4rn6dSIjwpiJiFynIHZkfnoz8S+vm9q4FmZMJqkFSReL4pRjq/DseTxgGqjlE0cI1czdiumIaEKtiyjvQvj8FP9PWuVSUClVryvF+sUyjhw6RifoDAXoHNXRFWqgJqKIo3v0iJ68W+/Be/ZeFq0r3nLmCH2D9/oBcoaQQg==</latexit>

!0

⌘EM
mech

<latexit sha1_base64="rml6t0Kkaj5zcEQXTgukxhuyMd0="></latexit>

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

Parametrics of the EM signal: E(EM)
sig ⇠ Qem (!g Lcav)

2 hTT E0

<latexit sha1_base64="NzFS9l4RWDtyPMGgnoBpkOEp6/4="></latexit>

!0

!1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>

!g

<latexit sha1_base64="WDOxnPdcmWG1ubeB3mifx1Z5EmE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idzG6GzGOdmRVCyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFKWfG+v63V1hb39jcKm6Xdnb39g/Kh0ctozJNaJMornQnwoZyJmnTMstpJ9UUi4jTdjS6nfntJ6oNU/LBjlMaCpxIFjOCrZM6PSVogvtJv1zxq/4caJUEOalAjka//NUbKJIJKi3h2Jhu4Kc2nGBtGeF0WuplhqaYjHBCu45KLKgJJ/N7p+jMKQMUK+1KWjRXf09MsDBmLCLXKbAdmmVvJv7ndTMbX4cTJtPMUkkWi+KMI6vQ7Hk0YJoSy8eOYKKZuxWRIdaYWBdRyYUQLL+8SloX1aBWvbyvVeo3eRxFOIFTOIcArqAOd9CAJhDg8Ayv8OY9ei/eu/exaC14+cwx/IH3+QMOBo/9</latexit>
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Enhanced by  (!)1/c2
s ≫ 1

E(mech)
sig ⇠ Qem hTT E0 min

⇣
1 ,

!g Lcav

cs

⌘2

<latexit sha1_base64="yanGS+FPIRFzUopYkTV9FGCN2Rw="></latexit>

Mechanical signal: !g

<latexit sha1_base64="acyNx0s0exolf4zTgGjG2dQ25LM="></latexit>

⌘gmech
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EM and Mechanical signals

23

Enhanced by  (!)1/c2
s ≫ 1

Mechanical modes less “rigid” than EM modes 

E(mech)
sig ⇠ Qem hTT E0 min

⇣
1 ,
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Parametrics of the EM signal: E(EM)
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Noise in MAGO 2.0
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LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

Noise in MAGO 2.0

24

103 104 105 106 107 108 109

!g [Hz]

10°24

10°23

10°22

10°21

10°20

10°19

10°18

10°17

10°16

10°15

≥ S
n
oi

se
h

(!
g
)¥ 1

/
2

[1
/p

H
z]

L
ev
it
at
ed

S
ta
ck

AURIGA

MiniGRAIL

BAW

H
o
lo
m
e
t
e
r

LIGO-Virgo

scanning

scanning (thermal)

non
-sca

nni
ng

(the
rmal)

m 3
LC

resonator

Thermal

Oscillator

'(t)

t

V0(t)

!m

!n !n ± !m

Vibrations

<latexit sha1_base64="6Sb3R9K4UX0CinOXviRTBqEFEdc="></latexit>

E1

Er✏0rE0

Ed

✏1d

Loading/Readout

<latexit sha1_base64="LQ89P5fFRs2CpYra5Ja15nWxoC8="></latexit>

NB: only showing mechanical signal
FNAL-measured microphonics

Thermal microphonics

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel & Wentzel (PRD 2023) 



LISA CosWG Workshop, Porto, June 20, 2024Sebastian A. R. Ellis — HFGWs: How and Where to Find Them

Noise in MAGO 2.0
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NB: only showing mechanical signal
FNAL-measured microphonics

Thermal microphonics

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel & Wentzel (PRD 2023) 
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MAGO 2.0 sensitivity to coherent GWs
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HEURISTICS II

Prospects for stochastic GWs?
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Stochastic GW SNR

27

Stochastic backgrounds have zero mean — necessarily quadratic measurement
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Stochastic GW SNR

27

Stochastic backgrounds have zero mean — necessarily quadratic measurement

Two detectors: SNR ⇠
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Z
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✓
Ssig(!)

Snoise(!)
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<latexit sha1_base64="D05PBIikTIFZ/adbMMUujOIs574="></latexit>

Single detector: SNR ⇠ Ssig(!)

Snoise(!)

<latexit sha1_base64="4zefC0KrV2IXeTsqEb8aQjpf5js="></latexit>
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Stochastic GW SNR
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Stochastic backgrounds have zero mean — necessarily quadratic measurement
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Single detector: SNR ⇠ Ssig(!)
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Open questions
How to optimise the transfer function?
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Mature technology & constantly improving
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Cavities for fundamental physics already in use:
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Gravitational Wave and a Hollow Sphere
Mechanical modes of a sphere

Ulmn = r�L + ir⇥ L�T1 + iL�T2 .
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ĥTT
ij

V 1/3
cav Vshell

Z

Vshell

d3x U⇤i
p xj

<latexit sha1_base64="szvR0o04R6FFVQS9JLyPQfhdDtU="></latexit>

hUpi ⇠ h0 V
1/3
cav ⌘gmech ⇥

(
!2

g

!2
g�!2

p
, |!g � !p| � !p/Qp

Qp , |!g � !p| ⌧ !p/Qp

<latexit sha1_base64="HKV5jxevzjwG3nPyp1n9dLclKQI="></latexit>

Tiny displacement  ≪ nm
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Cur Cavis?* pt. 2
MAGO 2.0

* “Why Cavities?” in Latin
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Gravitational Wave and a Hollow Sphere

h+

h×

34

TT frame intuition
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Gravitational Wave and a Hollow Sphere

h+

h×

Mechanical modes of a sphere
Ulmn = r�L + ir⇥ L�T1 + iL�T2 .
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TT frame intuition
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Spheroidal

. . . 

Gravitational Wave and a Hollow Sphere

h+

h×

Mechanical modes of a sphere
Ulmn = r�L + ir⇥ L�T1 + iL�T2 .
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TT frame intuition
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Toroidal

. . . 

Spheroidal

. . . 

Gravitational Wave and a Hollow Sphere

h+

h×

Mechanical modes of a sphere
Ulmn = r�L + ir⇥ L�T1 + iL�T2 .
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34

TT frame intuition
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Noise in MAGO 2.0
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Noise in MAGO 2.0
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EM Th. > MHz
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Noise in MAGO 2.0
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Noise in MAGO 2.0
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Noise in MAGO 2.0
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Noise in MAGO 2.0
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Noise in MAGO 2.0
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Optimal Scanning
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