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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>

�

<latexit sha1_base64="Nx+haju/Knk12xamXEaATrpoCW8="></latexit>

!g

<latexit sha1_base64="BG/dUQSfgFTpUOZ7A9jRj5a43T8=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgKWxE0WPQi8cI5gHJEmYnvZshM7PrzKwQlvyEFw+KePV3vPk3Th4HFQULGoqqbrq7wlRwY33/wyssLa+srhXXSxubW9s75d29lkkyzbDJEpHoTkgNCq6wabkV2Ek1UhkKbIejq6nfvkdteKJu7TjFQNJY8Ygzap3U6SUSY9qP++VKrerPQP4mFVig0S+/9wYJyyQqywQ1plvzUxvkVFvOBE5KvcxgStmIxth1VFGJJshn907IkVMGJEq0K2XJTP06kVNpzFiGrlNSOzQ/van4m9fNbHQR5FylmUXF5ouiTBCbkOnzZMA1MivGjlCmubuVsCHVlFkXUel/IbROqrXT6tnNaaV+uYijCAdwCMdQg3OowzU0oAkMBDzAEzx7d96j9+K9zlsL3mJmH77Be/sEEmuQAA==</latexit>

Tidal deformation by GWs

•Motion of test masses
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<latexit sha1_base64="4XHVL2EZQh6AaaWUh913WZFhnCg=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEilqm7UjbhVB047KCfUBnKJk0bUMzmSHJCGUobvwVNy4UcetXuPNvzLQVVPRcLhzOuZfkHi9kVCrL+jBSC4tLyyvp1cza+sbmlrm905RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7pM/NYtEZIG/EaNQ+L6aMBpn2KktNQ19xyiUDd2/Mjh0QSew9zpyXFSR10za+XtUtW2KzAhdsmakUq1XISFvDVFFsxR75rvTi/AkU+4wgxJ2SlYoXJjJBTFjEwyTiRJiPAIDUhHU458It14esIEHmqlB/uB0M0VnKrfN2LkSzn2PT3pIzWUv71E/MvrRKpfcWPKw0gRjmcP9SMGVQCTPGCPCoIVG2uCsKD6rxAPkUBY6dQyOoSvS+H/pFnMF+z82bWdrV3M40iDfXAAcqAAyqAGrkAdNAAGd+ABPIFn4954NF6M19loypjv7IIfMN4+AUoklW4=</latexit>
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<latexit sha1_base64="4XHVL2EZQh6AaaWUh913WZFhnCg=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEilqm7UjbhVB047KCfUBnKJk0bUMzmSHJCGUobvwVNy4UcetXuPNvzLQVVPRcLhzOuZfkHi9kVCrL+jBSC4tLyyvp1cza+sbmlrm905RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7pM/NYtEZIG/EaNQ+L6aMBpn2KktNQ19xyiUDd2/Mjh0QSew9zpyXFSR10za+XtUtW2KzAhdsmakUq1XISFvDVFFsxR75rvTi/AkU+4wgxJ2SlYoXJjJBTFjEwyTiRJiPAIDUhHU458It14esIEHmqlB/uB0M0VnKrfN2LkSzn2PT3pIzWUv71E/MvrRKpfcWPKw0gRjmcP9SMGVQCTPGCPCoIVG2uCsKD6rxAPkUBY6dQyOoSvS+H/pFnMF+z82bWdrV3M40iDfXAAcqAAyqAGrkAdNAAGd+ABPIFn4954NF6M19loypjv7IIfMN4+AUoklW4=</latexit>
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<latexit sha1_base64="4XHVL2EZQh6AaaWUh913WZFhnCg=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEilqm7UjbhVB047KCfUBnKJk0bUMzmSHJCGUobvwVNy4UcetXuPNvzLQVVPRcLhzOuZfkHi9kVCrL+jBSC4tLyyvp1cza+sbmlrm905RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7pM/NYtEZIG/EaNQ+L6aMBpn2KktNQ19xyiUDd2/Mjh0QSew9zpyXFSR10za+XtUtW2KzAhdsmakUq1XISFvDVFFsxR75rvTi/AkU+4wgxJ2SlYoXJjJBTFjEwyTiRJiPAIDUhHU458It14esIEHmqlB/uB0M0VnKrfN2LkSzn2PT3pIzWUv71E/MvrRKpfcWPKw0gRjmcP9SMGVQCTPGCPCoIVG2uCsKD6rxAPkUBY6dQyOoSvS+H/pFnMF+z82bWdrV3M40iDfXAAcqAAyqAGrkAdNAAGd+ABPIFn4954NF6M19loypjv7IIfMN4+AUoklW4=</latexit>
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<latexit sha1_base64="4XHVL2EZQh6AaaWUh913WZFhnCg=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEilqm7UjbhVB047KCfUBnKJk0bUMzmSHJCGUobvwVNy4UcetXuPNvzLQVVPRcLhzOuZfkHi9kVCrL+jBSC4tLyyvp1cza+sbmlrm905RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7pM/NYtEZIG/EaNQ+L6aMBpn2KktNQ19xyiUDd2/Mjh0QSew9zpyXFSR10za+XtUtW2KzAhdsmakUq1XISFvDVFFsxR75rvTi/AkU+4wgxJ2SlYoXJjJBTFjEwyTiRJiPAIDUhHU458It14esIEHmqlB/uB0M0VnKrfN2LkSzn2PT3pIzWUv71E/MvrRKpfcWPKw0gRjmcP9SMGVQCTPGCPCoIVG2uCsKD6rxAPkUBY6dQyOoSvS+H/pFnMF+z82bWdrV3M40iDfXAAcqAAyqAGrkAdNAAGd+ABPIFn4954NF6M19loypjv7IIfMN4+AUoklW4=</latexit>
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<latexit sha1_base64="4XHVL2EZQh6AaaWUh913WZFhnCg=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEilqm7UjbhVB047KCfUBnKJk0bUMzmSHJCGUobvwVNy4UcetXuPNvzLQVVPRcLhzOuZfkHi9kVCrL+jBSC4tLyyvp1cza+sbmlrm905RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7pM/NYtEZIG/EaNQ+L6aMBpn2KktNQ19xyiUDd2/Mjh0QSew9zpyXFSR10za+XtUtW2KzAhdsmakUq1XISFvDVFFsxR75rvTi/AkU+4wgxJ2SlYoXJjJBTFjEwyTiRJiPAIDUhHU458It14esIEHmqlB/uB0M0VnKrfN2LkSzn2PT3pIzWUv71E/MvrRKpfcWPKw0gRjmcP9SMGVQCTPGCPCoIVG2uCsKD6rxAPkUBY6dQyOoSvS+H/pFnMF+z82bWdrV3M40iDfXAAcqAAyqAGrkAdNAAGd+ABPIFn4954NF6M19loypjv7IIfMN4+AUoklW4=</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>

Metric encodes effects of curvature

MAGO 2.0
see A. Berlin next

⌘µ⌫ = (�,+,+,+)

<latexit sha1_base64="4XHVL2EZQh6AaaWUh913WZFhnCg=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEilqm7UjbhVB047KCfUBnKJk0bUMzmSHJCGUobvwVNy4UcetXuPNvzLQVVPRcLhzOuZfkHi9kVCrL+jBSC4tLyyvp1cza+sbmlrm905RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7pM/NYtEZIG/EaNQ+L6aMBpn2KktNQ19xyiUDd2/Mjh0QSew9zpyXFSR10za+XtUtW2KzAhdsmakUq1XISFvDVFFsxR75rvTi/AkU+4wgxJ2SlYoXJjJBTFjEwyTiRJiPAIDUhHU458It14esIEHmqlB/uB0M0VnKrfN2LkSzn2PT3pIzWUv71E/MvrRKpfcWPKw0gRjmcP9SMGVQCTPGCPCoIVG2uCsKD6rxAPkUBY6dQyOoSvS+H/pFnMF+z82bWdrV3M40iDfXAAcqAAyqAGrkAdNAAGd+ABPIFn4954NF6M19loypjv7IIfMN4+AUoklW4=</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>

Metric encodes effects of curvature

MAGO 2.0
see A. Berlin next

⌘µ⌫ = (�,+,+,+)

<latexit sha1_base64="4XHVL2EZQh6AaaWUh913WZFhnCg=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEilqm7UjbhVB047KCfUBnKJk0bUMzmSHJCGUobvwVNy4UcetXuPNvzLQVVPRcLhzOuZfkHi9kVCrL+jBSC4tLyyvp1cza+sbmlrm905RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7pM/NYtEZIG/EaNQ+L6aMBpn2KktNQ19xyiUDd2/Mjh0QSew9zpyXFSR10za+XtUtW2KzAhdsmakUq1XISFvDVFFsxR75rvTi/AkU+4wgxJ2SlYoXJjJBTFjEwyTiRJiPAIDUhHU458It14esIEHmqlB/uB0M0VnKrfN2LkSzn2PT3pIzWUv71E/MvrRKpfcWPKw0gRjmcP9SMGVQCTPGCPCoIVG2uCsKD6rxAPkUBY6dQyOoSvS+H/pFnMF+z82bWdrV3M40iDfXAAcqAAyqAGrkAdNAAGd+ABPIFn4954NF6M19loypjv7IIfMN4+AUoklW4=</latexit>

Maxwell equations in curved spacetime
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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>

Metric encodes effects of curvature

MAGO 2.0
see A. Berlin next

Haloscope + MAGO 2.0
see A. Berlin next

⌘µ⌫ = (�,+,+,+)

<latexit sha1_base64="4XHVL2EZQh6AaaWUh913WZFhnCg=">AAACAnicdVDLSgMxFM3UV62vUVfiJliEilqm7UjbhVB047KCfUBnKJk0bUMzmSHJCGUobvwVNy4UcetXuPNvzLQVVPRcLhzOuZfkHi9kVCrL+jBSC4tLyyvp1cza+sbmlrm905RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7pM/NYtEZIG/EaNQ+L6aMBpn2KktNQ19xyiUDd2/Mjh0QSew9zpyXFSR10za+XtUtW2KzAhdsmakUq1XISFvDVFFsxR75rvTi/AkU+4wgxJ2SlYoXJjJBTFjEwyTiRJiPAIDUhHU458It14esIEHmqlB/uB0M0VnKrfN2LkSzn2PT3pIzWUv71E/MvrRKpfcWPKw0gRjmcP9SMGVQCTPGCPCoIVG2uCsKD6rxAPkUBY6dQyOoSvS+H/pFnMF+z82bWdrV3M40iDfXAAcqAAyqAGrkAdNAAGd+ABPIFn4954NF6M19loypjv7IIfMN4+AUoklW4=</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>

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:

7
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Interactions of Gravitational Waves with light

�

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

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>

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:

7



Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Cur Cavis?* Part I: Electromagnetic Signal
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>

* “Why Cavities?” in Latin
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Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Cur Cavis?* Part I: Electromagnetic Signal
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>

⌘ /
Z

V
E⇤

cav · Je↵

<latexit sha1_base64="SC6hdZY8pO+zQTlRzfY3tGXtnwA="></latexit>

Currents can excite cavity modes  as long as  non-zero:Ecav η

* “Why Cavities?” in Latin

8



Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Cur Cavis?* Part I: Electromagnetic Signal
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>

⌘ /
Z

V
E⇤

cav · Je↵

<latexit sha1_base64="SC6hdZY8pO+zQTlRzfY3tGXtnwA="></latexit>

Currents can excite cavity modes  as long as  non-zero:Ecav η

Should be reminiscent of axion physics…

* “Why Cavities?” in Latin
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Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Cur Cavis?* Part I: Electromagnetic Signal
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>

⌘ /
Z

V
E⇤

cav · Je↵

<latexit sha1_base64="SC6hdZY8pO+zQTlRzfY3tGXtnwA="></latexit>

Currents can excite cavity modes  as long as  non-zero:Ecav η

Should be reminiscent of axion physics… B(x, t)

<latexit sha1_base64="q3jfWMuQ8IjtENa+BgqoL21/f+o=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEqnostSNywr2Am0ok+mkHTq5MHMillA3voobF4q49S3c+TZO2gja+sPAx3/OYc753UhwBZb1ZeSWlldW1/LrhY3Nre0dc3evqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01TMPuj6BoesltUnpB+8np3DSM4tW2ZoKL4KdQRFlqvfMz24/pLHPAqCCKNWxrQichEjgVLBJoRsrFhE6IgPW0RgQnyknmV4wwcfa6WMvlPoFgKfu74mE+EqNfVd3pkuq+Vpq/lfrxOBdOgkPohhYQGcfebHAEOI0DtznklEQYw2ESq53xXRIJKGgQyvoEOz5kxeheVa2K+Xzm0qxWsviyKNDdIRKyEYXqIquUR01EEUP6Am9oFfj0Xg23oz3WWvOyGb20R8ZH99iy5ba</latexit>

g

<latexit sha1_base64="hoJVNR2oo7bR89qxqRaYnZrrFOo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EcRSE2XDaL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bJ54Ss6sMiBhrO1TSObq742MRsZMosBOzhKaZW8m/ud1Uwyv/UyoJEWu2OKjMJUEYzI7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/55FXSuqh6terlfa1Sv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kD5fyREw==</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

Gertsenshtein effect (1962)

Also Zeldovich (1973)
B(x, t)

<latexit sha1_base64="q3jfWMuQ8IjtENa+BgqoL21/f+o=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEqnostSNywr2Am0ok+mkHTq5MHMillA3voobF4q49S3c+TZO2gja+sPAx3/OYc753UhwBZb1ZeSWlldW1/LrhY3Nre0dc3evqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01TMPuj6BoesltUnpB+8np3DSM4tW2ZoKL4KdQRFlqvfMz24/pLHPAqCCKNWxrQichEjgVLBJoRsrFhE6IgPW0RgQnyknmV4wwcfa6WMvlPoFgKfu74mE+EqNfVd3pkuq+Vpq/lfrxOBdOgkPohhYQGcfebHAEOI0DtznklEQYw2ESq53xXRIJKGgQyvoEOz5kxeheVa2K+Xzm0qxWsviyKNDdIRKyEYXqIquUR01EEUP6Am9oFfj0Xg23oz3WWvOyGb20R8ZH99iy5ba</latexit>

g

<latexit sha1_base64="hoJVNR2oo7bR89qxqRaYnZrrFOo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EcRSE2XDaL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bJ54Ss6sMiBhrO1TSObq742MRsZMosBOzhKaZW8m/ud1Uwyv/UyoJEWu2OKjMJUEYzI7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/55FXSuqh6terlfa1Sv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kD5fyREw==</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

jg ⇠ @ (hF )

<latexit sha1_base64="mBmXIb5qXD5RoxX6VwIyFyFulp8=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0IGVGKrosCuKygn1AZxgyaaaNTWaG5I5Qhn6DG3/FjQtF3Lpy59+YPhZaPXDhcM69yb0nSATXYNtfVm5peWV1Lb9e2Njc2t4p7u61dJwqypo0FrHqBEQzwSPWBA6CdRLFiAwEawfDy4nfvmdK8zi6hVHCPEn6EQ85JWAkv1i58zNXSdwfY1dzid2EKOBEYFewEMoD9/jKVbw/gIpfLNlVewr8lzhzUkJzNPzip9uLaSpZBFQQrbuOnYCXTd6ngo0LbqpZQuiQ9FnX0IhIpr1setIYHxmlh8NYmYoAT9WfExmRWo9kYDolgYFe9Cbif143hfDcy3iUpMAiOvsoTAWGGE/ywT2uGAUxMoRQxc2umA6IIhRMigUTgrN48l/SOqk6terpTa1Uv5jHkUcH6BCVkYPOUB1dowZqIooe0BN6Qa/Wo/VsvVnvs9acNZ/ZR79gfXwDKGidJg==</latexit>

* “Why Cavities?” in Latin
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Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Cur Cavis?* Part I: Electromagnetic Signal
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>

⌘ /
Z

V
E⇤

cav · Je↵

<latexit sha1_base64="SC6hdZY8pO+zQTlRzfY3tGXtnwA="></latexit>

Currents can excite cavity modes  as long as  non-zero:Ecav η

Should be reminiscent of axion physics…

B(x, t)

<latexit sha1_base64="q3jfWMuQ8IjtENa+BgqoL21/f+o=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEqnostSNywr2Am0ok+mkHTq5MHMillA3voobF4q49S3c+TZO2gja+sPAx3/OYc753UhwBZb1ZeSWlldW1/LrhY3Nre0dc3evqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01TMPuj6BoesltUnpB+8np3DSM4tW2ZoKL4KdQRFlqvfMz24/pLHPAqCCKNWxrQichEjgVLBJoRsrFhE6IgPW0RgQnyknmV4wwcfa6WMvlPoFgKfu74mE+EqNfVd3pkuq+Vpq/lfrxOBdOgkPohhYQGcfebHAEOI0DtznklEQYw2ESq53xXRIJKGgQyvoEOz5kxeheVa2K+Xzm0qxWsviyKNDdIRKyEYXqIquUR01EEUP6Am9oFfj0Xg23oz3WWvOyGb20R8ZH99iy5ba</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

ja ⇠ ga��@ (aF )

<latexit sha1_base64="g7me0gmiwkL1MbBPPK+ID2Cd1zA="></latexit>

B(x, t)

<latexit sha1_base64="q3jfWMuQ8IjtENa+BgqoL21/f+o=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEqnostSNywr2Am0ok+mkHTq5MHMillA3voobF4q49S3c+TZO2gja+sPAx3/OYc753UhwBZb1ZeSWlldW1/LrhY3Nre0dc3evqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01TMPuj6BoesltUnpB+8np3DSM4tW2ZoKL4KdQRFlqvfMz24/pLHPAqCCKNWxrQichEjgVLBJoRsrFhE6IgPW0RgQnyknmV4wwcfa6WMvlPoFgKfu74mE+EqNfVd3pkuq+Vpq/lfrxOBdOgkPohhYQGcfebHAEOI0DtznklEQYw2ESq53xXRIJKGgQyvoEOz5kxeheVa2K+Xzm0qxWsviyKNDdIRKyEYXqIquUR01EEUP6Am9oFfj0Xg23oz3WWvOyGb20R8ZH99iy5ba</latexit>

g

<latexit sha1_base64="hoJVNR2oo7bR89qxqRaYnZrrFOo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EcRSE2XDaL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bJ54Ss6sMiBhrO1TSObq742MRsZMosBOzhKaZW8m/ud1Uwyv/UyoJEWu2OKjMJUEYzI7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/55FXSuqh6terlfa1Sv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kD5fyREw==</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

Gertsenshtein effect (1962)

Also Zeldovich (1973)
B(x, t)

<latexit sha1_base64="q3jfWMuQ8IjtENa+BgqoL21/f+o=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEqnostSNywr2Am0ok+mkHTq5MHMillA3voobF4q49S3c+TZO2gja+sPAx3/OYc753UhwBZb1ZeSWlldW1/LrhY3Nre0dc3evqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01TMPuj6BoesltUnpB+8np3DSM4tW2ZoKL4KdQRFlqvfMz24/pLHPAqCCKNWxrQichEjgVLBJoRsrFhE6IgPW0RgQnyknmV4wwcfa6WMvlPoFgKfu74mE+EqNfVd3pkuq+Vpq/lfrxOBdOgkPohhYQGcfebHAEOI0DtznklEQYw2ESq53xXRIJKGgQyvoEOz5kxeheVa2K+Xzm0qxWsviyKNDdIRKyEYXqIquUR01EEUP6Am9oFfj0Xg23oz3WWvOyGb20R8ZH99iy5ba</latexit>

g

<latexit sha1_base64="hoJVNR2oo7bR89qxqRaYnZrrFOo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EcRSE2XDaL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bJ54Ss6sMiBhrO1TSObq742MRsZMosBOzhKaZW8m/ud1Uwyv/UyoJEWu2OKjMJUEYzI7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/55FXSuqh6terlfa1Sv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kD5fyREw==</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

jg ⇠ @ (hF )

<latexit sha1_base64="mBmXIb5qXD5RoxX6VwIyFyFulp8=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0IGVGKrosCuKygn1AZxgyaaaNTWaG5I5Qhn6DG3/FjQtF3Lpy59+YPhZaPXDhcM69yb0nSATXYNtfVm5peWV1Lb9e2Njc2t4p7u61dJwqypo0FrHqBEQzwSPWBA6CdRLFiAwEawfDy4nfvmdK8zi6hVHCPEn6EQ85JWAkv1i58zNXSdwfY1dzid2EKOBEYFewEMoD9/jKVbw/gIpfLNlVewr8lzhzUkJzNPzip9uLaSpZBFQQrbuOnYCXTd6ngo0LbqpZQuiQ9FnX0IhIpr1setIYHxmlh8NYmYoAT9WfExmRWo9kYDolgYFe9Cbif143hfDcy3iUpMAiOvsoTAWGGE/ywT2uGAUxMoRQxc2umA6IIhRMigUTgrN48l/SOqk6terpTa1Uv5jHkUcH6BCVkYPOUB1dowZqIooe0BN6Qa/Wo/VsvVnvs9acNZ/ZR79gfXwDKGidJg==</latexit>

* “Why Cavities?” in Latin
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Cur Cavis?* Part I: Electromagnetic Signal
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>

⌘ /
Z

V
E⇤

cav · Je↵

<latexit sha1_base64="SC6hdZY8pO+zQTlRzfY3tGXtnwA="></latexit>

Currents can excite cavity modes  as long as  non-zero:Ecav η

Should be reminiscent of axion physics…

B(x, t)

<latexit sha1_base64="q3jfWMuQ8IjtENa+BgqoL21/f+o=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEqnostSNywr2Am0ok+mkHTq5MHMillA3voobF4q49S3c+TZO2gja+sPAx3/OYc753UhwBZb1ZeSWlldW1/LrhY3Nre0dc3evqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01TMPuj6BoesltUnpB+8np3DSM4tW2ZoKL4KdQRFlqvfMz24/pLHPAqCCKNWxrQichEjgVLBJoRsrFhE6IgPW0RgQnyknmV4wwcfa6WMvlPoFgKfu74mE+EqNfVd3pkuq+Vpq/lfrxOBdOgkPohhYQGcfebHAEOI0DtznklEQYw2ESq53xXRIJKGgQyvoEOz5kxeheVa2K+Xzm0qxWsviyKNDdIRKyEYXqIquUR01EEUP6Am9oFfj0Xg23oz3WWvOyGb20R8ZH99iy5ba</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

a

<latexit sha1_base64="5NaQJuja3P2H4opJ4ospcrTkNLI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlJu2XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6tepls1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHxfWM7Q==</latexit>

ja ⇠ ga��@ (aF )

<latexit sha1_base64="g7me0gmiwkL1MbBPPK+ID2Cd1zA="></latexit>

B(x, t)

<latexit sha1_base64="q3jfWMuQ8IjtENa+BgqoL21/f+o=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEqnostSNywr2Am0ok+mkHTq5MHMillA3voobF4q49S3c+TZO2gja+sPAx3/OYc753UhwBZb1ZeSWlldW1/LrhY3Nre0dc3evqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01TMPuj6BoesltUnpB+8np3DSM4tW2ZoKL4KdQRFlqvfMz24/pLHPAqCCKNWxrQichEjgVLBJoRsrFhE6IgPW0RgQnyknmV4wwcfa6WMvlPoFgKfu74mE+EqNfVd3pkuq+Vpq/lfrxOBdOgkPohhYQGcfebHAEOI0DtznklEQYw2ESq53xXRIJKGgQyvoEOz5kxeheVa2K+Xzm0qxWsviyKNDdIRKyEYXqIquUR01EEUP6Am9oFfj0Xg23oz3WWvOyGb20R8ZH99iy5ba</latexit>

g

<latexit sha1_base64="hoJVNR2oo7bR89qxqRaYnZrrFOo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EcRSE2XDaL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bJ54Ss6sMiBhrO1TSObq742MRsZMosBOzhKaZW8m/ud1Uwyv/UyoJEWu2OKjMJUEYzI7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/55FXSuqh6terlfa1Sv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kD5fyREw==</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

Gertsenshtein effect (1962)

Also Zeldovich (1973)
B(x, t)

<latexit sha1_base64="q3jfWMuQ8IjtENa+BgqoL21/f+o=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEqnostSNywr2Am0ok+mkHTq5MHMillA3voobF4q49S3c+TZO2gja+sPAx3/OYc753UhwBZb1ZeSWlldW1/LrhY3Nre0dc3evqcJYUtagoQhl2yWKCR6wBnAQrB1JRnxXsJY7ukrrrTsmFQ+DWxhHzPHJIOAepwS01TMPuj6BoesltUnpB+8np3DSM4tW2ZoKL4KdQRFlqvfMz24/pLHPAqCCKNWxrQichEjgVLBJoRsrFhE6IgPW0RgQnyknmV4wwcfa6WMvlPoFgKfu74mE+EqNfVd3pkuq+Vpq/lfrxOBdOgkPohhYQGcfebHAEOI0DtznklEQYw2ESq53xXRIJKGgQyvoEOz5kxeheVa2K+Xzm0qxWsviyKNDdIRKyEYXqIquUR01EEUP6Am9oFfj0Xg23oz3WWvOyGb20R8ZH99iy5ba</latexit>

g

<latexit sha1_base64="hoJVNR2oo7bR89qxqRaYnZrrFOo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIRZdFNy4r2Ae2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx15EcRSE2XDaL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bJ54Ss6sMiBhrO1TSObq742MRsZMosBOzhKaZW8m/ud1Uwyv/UyoJEWu2OKjMJUEYzI7nwyE5gzlxBLKtLBZCRtRTRnakkq2BG/55FXSuqh6terlfa1Sv8nrKMIJnMI5eHAFdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kD5fyREw==</latexit>

�

<latexit sha1_base64="sPQL8yqu43205fRK9uKEP1QfFtg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBrXq5X2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPiYOPHQ==</latexit>

jg ⇠ @ (hF )

<latexit sha1_base64="mBmXIb5qXD5RoxX6VwIyFyFulp8=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0IGVGKrosCuKygn1AZxgyaaaNTWaG5I5Qhn6DG3/FjQtF3Lpy59+YPhZaPXDhcM69yb0nSATXYNtfVm5peWV1Lb9e2Njc2t4p7u61dJwqypo0FrHqBEQzwSPWBA6CdRLFiAwEawfDy4nfvmdK8zi6hVHCPEn6EQ85JWAkv1i58zNXSdwfY1dzid2EKOBEYFewEMoD9/jKVbw/gIpfLNlVewr8lzhzUkJzNPzip9uLaSpZBFQQrbuOnYCXTd6ngo0LbqpZQuiQ9FnX0IhIpr1setIYHxmlh8NYmYoAT9WfExmRWo9kYDolgYFe9Cbif143hfDcy3iUpMAiOvsoTAWGGE/ywT2uGAUxMoRQxc2umA6IIhRMigUTgrN48l/SOqk6terpTa1Uv5jHkUcH6BCVkYPOUB1dowZqIooe0BN6Qa/Wo/VsvVnvs9acNZ/ZR79gfXwDKGidJg==</latexit>

Raffelt & Stodolsky (1988)* “Why Cavities?” in Latin
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Intuition for EM signal

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>
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Intuition for EM signal

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
A more detailed estimate requires some GR

GW in TT gauge: @µh
µ⌫ = 0, hµ

µ = 0, h00 = h0i = 0
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Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Framing the Question
A more detailed estimate requires some GR

Riemann tensor invariant at O(h):

R0i0j = �1

2
@2
t h

TT
ij ,

R0ijk =
1

2
@t

�
@kh

TT
ij � @jh

TT
ik

�
,

Rikjl =
1

2

�
@k@jh

TT
il + @i@lh

TT
jk � @i@jh

TT
kl � @k@lh

TT
ij

�

<latexit sha1_base64="3MSWU/vEpfSQfFa6cmebhbHOcPY="></latexit>

GW in TT gauge: @µh
µ⌫ = 0, hµ

µ = 0, h00 = h0i = 0
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Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Framing the Question
Crucial to work in appropriate reference frame!

Detector in Local Inertial Frame (LIF) Maxwell (19th century)n̂ ·B = 0

<latexit sha1_base64="I4oTfKP3vFS0CDhOSFvOkAksP6Y=">AAACFnicbVDLSgMxFM34rPVVdekmWAQ3lhmp6EYodeOygn1Ap5RMJm1DM8mQ3BHKMF/hxl9x40IRt+LOvzF9LGrrgZDDOfdy7z1BLLgB1/1xVlbX1jc2c1v57Z3dvf3CwWHDqERTVqdKKN0KiGGCS1YHDoK1Ys1IFAjWDIa3Y7/5yLThSj7AKGadiPQl73FKwErdwrkfKBGaUWS/1B8QSGWWYZ+GCvC8Vc3wDXa7haJbcifAy8SbkSKaodYtfPuhoknEJFBBjGl7bgydlGjgVLAs7yeGxYQOSZ+1LZUkYqaTTs7K8KlVQtxT2j4JeKLOd6QkMuP1bGVEYGAWvbH4n9dOoHfdSbmME2CSTgf1EoFB4XFGOOSaURAjSwjV3O6K6YBoQsEmmbcheIsnL5PGRckrly7vy8VKdRZHDh2jE3SGPHSFKugO1VAdUfSEXtAbeneenVfnw/mclq44s54j9AfO1y/UaZ+/</latexit>

n̂⇥E = 0

<latexit sha1_base64="MbhOEhkhwdPdTi7g4xida4XHwSg=">AAACF3icbVDLSsNAFJ3UV62vqks3g0VwVRKp6EYoiuCygn1AU8pkOmmHTiZh5kYoIX/hxl9x40IRt7rzb5y0WdTWA8MczrmXe+/xIsE12PaPVVhZXVvfKG6WtrZ3dvfK+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t74JvPbj0xpHsoHmESsF5Ch5D6nBIzUL1ddLxQDPQnMl7gjAolMU+wCD5jG895tiq+w3S9X7Ko9BV4mTk4qKEejX/52ByGNAyaBCqJ117Ej6CVEAaeCpSU31iwidEyGrGuoJGZuL5neleITowywHyrzJOCpOt+RkEBn65nKgMBIL3qZ+J/XjcG/7CVcRjEwSWeD/FhgCHEWEh5wxSiIiSGEKm52xXREFKFgoiyZEJzFk5dJ66zq1Krn97VK/TqPo4iO0DE6RQ66QHV0hxqoiSh6Qi/oDb1bz9ar9WF9zkoLVt5ziP7A+voFyCagRA==</latexit>
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Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Framing the Question
Crucial to work in appropriate reference frame!

B-field in LIF  B-field in TT≠

S

<latexit sha1_base64="BqXuD8aLplALUVG7YpxvB77iLIE=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjwmaB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFSSCa+O6H05uZXVtfSO/Wdja3tndK+4ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpr57XtUmsfy1kwS9CM6lDzkjBorNW76xZJXducgf5MSLFHvF997g5ilEUrDBNW667mJ8TOqDGcCp4VeqjGhbEyH2LVU0gi1n80PnZITqwxIGCtb0pC5+nUio5HWkyiwnRE1I/3Tm4m/ed3UhBd+xmWSGpRssShMBTExmX1NBlwhM2JiCWWK21sJG1FFmbHZFP4XQuus7FXK1UalVLtcxpGHIziGU/DgHGpwDXVoAgOEB3iCZ+fOeXRenNdFa85ZzhzCNzhvn7UijOI=</latexit>

N

<latexit sha1_base64="oKD34i9WGnw2ywmR9Q5D7Yp34L0=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjxJAuYByRJmJ73JmNnZZWZWCEu+wIsHRbz6Sd78GyePg4qCBQ1FVTfdXUEiuDau++HkVlbX1jfym4Wt7Z3dveL+QUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH46uZ375HpXksb80kQT+iQ8lDzqixUuOmXyx5ZXcO8jcpwRL1fvG9N4hZGqE0TFCtu56bGD+jynAmcFropRoTysZ0iF1LJY1Q+9n80Ck5scqAhLGyJQ2Zq18nMhppPYkC2xlRM9I/vZn4m9dNTXjhZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTeF/IbTOyl6lXG1USrXLZRx5OIJjOAUPzqEG11CHJjBAeIAneHbunEfnxXldtOac5cwhfIPz9gmtjozd</latexit>

S

<latexit sha1_base64="BqXuD8aLplALUVG7YpxvB77iLIE=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjwmaB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFSSCa+O6H05uZXVtfSO/Wdja3tndK+4ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpr57XtUmsfy1kwS9CM6lDzkjBorNW76xZJXducgf5MSLFHvF997g5ilEUrDBNW667mJ8TOqDGcCp4VeqjGhbEyH2LVU0gi1n80PnZITqwxIGCtb0pC5+nUio5HWkyiwnRE1I/3Tm4m/ed3UhBd+xmWSGpRssShMBTExmX1NBlwhM2JiCWWK21sJG1FFmbHZFP4XQuus7FXK1UalVLtcxpGHIziGU/DgHGpwDXVoAgOEB3iCZ+fOeXRenNdFa85ZzhzCNzhvn7UijOI=</latexit>

N

<latexit sha1_base64="oKD34i9WGnw2ywmR9Q5D7Yp34L0=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjxJAuYByRJmJ73JmNnZZWZWCEu+wIsHRbz6Sd78GyePg4qCBQ1FVTfdXUEiuDau++HkVlbX1jfym4Wt7Z3dveL+QUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH46uZ375HpXksb80kQT+iQ8lDzqixUuOmXyx5ZXcO8jcpwRL1fvG9N4hZGqE0TFCtu56bGD+jynAmcFropRoTysZ0iF1LJY1Q+9n80Ck5scqAhLGyJQ2Zq18nMhppPYkC2xlRM9I/vZn4m9dNTXjhZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTeF/IbTOyl6lXG1USrXLZRx5OIJjOAUPzqEG11CHJjBAeIAneHbunEfnxXldtOac5cwhfIPz9gmtjozd</latexit>

Detector in Local Inertial Frame (LIF) Maxwell (19th century)n̂ ·B = 0

<latexit sha1_base64="I4oTfKP3vFS0CDhOSFvOkAksP6Y=">AAACFnicbVDLSgMxFM34rPVVdekmWAQ3lhmp6EYodeOygn1Ap5RMJm1DM8mQ3BHKMF/hxl9x40IRt+LOvzF9LGrrgZDDOfdy7z1BLLgB1/1xVlbX1jc2c1v57Z3dvf3CwWHDqERTVqdKKN0KiGGCS1YHDoK1Ys1IFAjWDIa3Y7/5yLThSj7AKGadiPQl73FKwErdwrkfKBGaUWS/1B8QSGWWYZ+GCvC8Vc3wDXa7haJbcifAy8SbkSKaodYtfPuhoknEJFBBjGl7bgydlGjgVLAs7yeGxYQOSZ+1LZUkYqaTTs7K8KlVQtxT2j4JeKLOd6QkMuP1bGVEYGAWvbH4n9dOoHfdSbmME2CSTgf1EoFB4XFGOOSaURAjSwjV3O6K6YBoQsEmmbcheIsnL5PGRckrly7vy8VKdRZHDh2jE3SGPHSFKugO1VAdUfSEXtAbeneenVfnw/mclq44s54j9AfO1y/UaZ+/</latexit>

n̂⇥E = 0

<latexit sha1_base64="MbhOEhkhwdPdTi7g4xida4XHwSg=">AAACF3icbVDLSsNAFJ3UV62vqks3g0VwVRKp6EYoiuCygn1AU8pkOmmHTiZh5kYoIX/hxl9x40IRt7rzb5y0WdTWA8MczrmXe+/xIsE12PaPVVhZXVvfKG6WtrZ3dvfK+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t74JvPbj0xpHsoHmESsF5Ch5D6nBIzUL1ddLxQDPQnMl7gjAolMU+wCD5jG895tiq+w3S9X7Ko9BV4mTk4qKEejX/52ByGNAyaBCqJ117Ej6CVEAaeCpSU31iwidEyGrGuoJGZuL5neleITowywHyrzJOCpOt+RkEBn65nKgMBIL3qZ+J/XjcG/7CVcRjEwSWeD/FhgCHEWEh5wxSiIiSGEKm52xXREFKFgoiyZEJzFk5dJ66zq1Krn97VK/TqPo4iO0DE6RQ66QHV0hxqoiSh6Qi/oDb1bz9ar9WF9zkoLVt5ziP7A+voFyCagRA==</latexit>
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Framing the Question
Crucial to work in appropriate reference frame!

Which frame is the right one to use?

B-field in LIF  B-field in TT≠

S

<latexit sha1_base64="BqXuD8aLplALUVG7YpxvB77iLIE=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjwmaB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFSSCa+O6H05uZXVtfSO/Wdja3tndK+4ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpr57XtUmsfy1kwS9CM6lDzkjBorNW76xZJXducgf5MSLFHvF997g5ilEUrDBNW667mJ8TOqDGcCp4VeqjGhbEyH2LVU0gi1n80PnZITqwxIGCtb0pC5+nUio5HWkyiwnRE1I/3Tm4m/ed3UhBd+xmWSGpRssShMBTExmX1NBlwhM2JiCWWK21sJG1FFmbHZFP4XQuus7FXK1UalVLtcxpGHIziGU/DgHGpwDXVoAgOEB3iCZ+fOeXRenNdFa85ZzhzCNzhvn7UijOI=</latexit>

N

<latexit sha1_base64="oKD34i9WGnw2ywmR9Q5D7Yp34L0=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjxJAuYByRJmJ73JmNnZZWZWCEu+wIsHRbz6Sd78GyePg4qCBQ1FVTfdXUEiuDau++HkVlbX1jfym4Wt7Z3dveL+QUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH46uZ375HpXksb80kQT+iQ8lDzqixUuOmXyx5ZXcO8jcpwRL1fvG9N4hZGqE0TFCtu56bGD+jynAmcFropRoTysZ0iF1LJY1Q+9n80Ck5scqAhLGyJQ2Zq18nMhppPYkC2xlRM9I/vZn4m9dNTXjhZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTeF/IbTOyl6lXG1USrXLZRx5OIJjOAUPzqEG11CHJjBAeIAneHbunEfnxXldtOac5cwhfIPz9gmtjozd</latexit>

S

<latexit sha1_base64="BqXuD8aLplALUVG7YpxvB77iLIE=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjwmaB6QLGF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cfI4qChY0FBUddPdFSSCa+O6H05uZXVtfSO/Wdja3tndK+4ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpr57XtUmsfy1kwS9CM6lDzkjBorNW76xZJXducgf5MSLFHvF997g5ilEUrDBNW667mJ8TOqDGcCp4VeqjGhbEyH2LVU0gi1n80PnZITqwxIGCtb0pC5+nUio5HWkyiwnRE1I/3Tm4m/ed3UhBd+xmWSGpRssShMBTExmX1NBlwhM2JiCWWK21sJG1FFmbHZFP4XQuus7FXK1UalVLtcxpGHIziGU/DgHGpwDXVoAgOEB3iCZ+fOeXRenNdFa85ZzhzCNzhvn7UijOI=</latexit>

N

<latexit sha1_base64="oKD34i9WGnw2ywmR9Q5D7Yp34L0=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjxJAuYByRJmJ73JmNnZZWZWCEu+wIsHRbz6Sd78GyePg4qCBQ1FVTfdXUEiuDau++HkVlbX1jfym4Wt7Z3dveL+QUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH46uZ375HpXksb80kQT+iQ8lDzqixUuOmXyx5ZXcO8jcpwRL1fvG9N4hZGqE0TFCtu56bGD+jynAmcFropRoTysZ0iF1LJY1Q+9n80Ck5scqAhLGyJQ2Zq18nMhppPYkC2xlRM9I/vZn4m9dNTXjhZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTeF/IbTOyl6lXG1USrXLZRx5OIJjOAUPzqEG11CHJjBAeIAneHbunEfnxXldtOac5cwhfIPz9gmtjozd</latexit>

Detector in Local Inertial Frame (LIF) Maxwell (19th century)n̂ ·B = 0

<latexit sha1_base64="I4oTfKP3vFS0CDhOSFvOkAksP6Y=">AAACFnicbVDLSgMxFM34rPVVdekmWAQ3lhmp6EYodeOygn1Ap5RMJm1DM8mQ3BHKMF/hxl9x40IRt+LOvzF9LGrrgZDDOfdy7z1BLLgB1/1xVlbX1jc2c1v57Z3dvf3CwWHDqERTVqdKKN0KiGGCS1YHDoK1Ys1IFAjWDIa3Y7/5yLThSj7AKGadiPQl73FKwErdwrkfKBGaUWS/1B8QSGWWYZ+GCvC8Vc3wDXa7haJbcifAy8SbkSKaodYtfPuhoknEJFBBjGl7bgydlGjgVLAs7yeGxYQOSZ+1LZUkYqaTTs7K8KlVQtxT2j4JeKLOd6QkMuP1bGVEYGAWvbH4n9dOoHfdSbmME2CSTgf1EoFB4XFGOOSaURAjSwjV3O6K6YBoQsEmmbcheIsnL5PGRckrly7vy8VKdRZHDh2jE3SGPHSFKugO1VAdUfSEXtAbeneenVfnw/mclq44s54j9AfO1y/UaZ+/</latexit>

n̂⇥E = 0

<latexit sha1_base64="MbhOEhkhwdPdTi7g4xida4XHwSg=">AAACF3icbVDLSsNAFJ3UV62vqks3g0VwVRKp6EYoiuCygn1AU8pkOmmHTiZh5kYoIX/hxl9x40IRt7rzb5y0WdTWA8MczrmXe+/xIsE12PaPVVhZXVvfKG6WtrZ3dvfK+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t74JvPbj0xpHsoHmESsF5Ch5D6nBIzUL1ddLxQDPQnMl7gjAolMU+wCD5jG895tiq+w3S9X7Ko9BV4mTk4qKEejX/52ByGNAyaBCqJ117Ej6CVEAaeCpSU31iwidEyGrGuoJGZuL5neleITowywHyrzJOCpOt+RkEBn65nKgMBIL3qZ+J/XjcG/7CVcRjEwSWeD/FhgCHEWEh5wxSiIiSGEKm52xXREFKFgoiyZEJzFk5dJ66zq1Krn97VK/TqPo4iO0DE6RQ66QHV0hxqoiSh6Qi/oDb1bz9ar9WF9zkoLVt5ziP7A+voFyCagRA==</latexit>

11



Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Framing the Question
Proper Detector Frame — complication

12



Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

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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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>

12



Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

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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Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

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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Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

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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Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

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>

13



Erice, 4th September 2023Sebastian A. R. Ellis — Resonant Cavities for Gravitational Waves

Axion Cavity Modes Couple to GWs

⌘ /
Z

V
E⇤

cav · Je↵

<latexit sha1_base64="SC6hdZY8pO+zQTlRzfY3tGXtnwA="></latexit>
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Axion Cavity Modes Couple to GWs

�

<latexit sha1_base64="Nx+haju/Knk12xamXEaATrpoCW8="></latexit>

!g

<latexit sha1_base64="BG/dUQSfgFTpUOZ7A9jRj5a43T8=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgKWxE0WPQi8cI5gHJEmYnvZshM7PrzKwQlvyEFw+KePV3vPk3Th4HFQULGoqqbrq7wlRwY33/wyssLa+srhXXSxubW9s75d29lkkyzbDJEpHoTkgNCq6wabkV2Ek1UhkKbIejq6nfvkdteKJu7TjFQNJY8Ygzap3U6SUSY9qP++VKrerPQP4mFVig0S+/9wYJyyQqywQ1plvzUxvkVFvOBE5KvcxgStmIxth1VFGJJshn907IkVMGJEq0K2XJTP06kVNpzFiGrlNSOzQ/van4m9fNbHQR5FylmUXF5ouiTBCbkOnzZMA1MivGjlCmubuVsCHVlFkXUel/IbROqrXT6tnNaaV+uYijCAdwCMdQg3OowzU0oAkMBDzAEzx7d96j9+K9zlsL3mJmH77Be/sEEmuQAA==</latexit>
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�

<latexit sha1_base64="Nx+haju/Knk12xamXEaATrpoCW8="></latexit>

p = 0 p = 1 p = 2

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

⌘ /
Z

V
E⇤

cav · Je↵

<latexit sha1_base64="SC6hdZY8pO+zQTlRzfY3tGXtnwA="></latexit>
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�

<latexit sha1_base64="Nx+haju/Knk12xamXEaATrpoCW8="></latexit>

!g

<latexit sha1_base64="BG/dUQSfgFTpUOZ7A9jRj5a43T8=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgKWxE0WPQi8cI5gHJEmYnvZshM7PrzKwQlvyEFw+KePV3vPk3Th4HFQULGoqqbrq7wlRwY33/wyssLa+srhXXSxubW9s75d29lkkyzbDJEpHoTkgNCq6wabkV2Ek1UhkKbIejq6nfvkdteKJu7TjFQNJY8Ygzap3U6SUSY9qP++VKrerPQP4mFVig0S+/9wYJyyQqywQ1plvzUxvkVFvOBE5KvcxgStmIxth1VFGJJshn907IkVMGJEq0K2XJTP06kVNpzFiGrlNSOzQ/van4m9fNbHQR5FylmUXF5ouiTBCbkOnzZMA1MivGjlCmubuVsCHVlFkXUel/IbROqrXT6tnNaaV+uYijCAdwCMdQg3OowzU0oAkMBDzAEzx7d96j9+K9zlsL3mJmH77Be/sEEmuQAA==</latexit>
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Axion Cavity Sensitivity
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Projected Sensitivities of Axion Experiments
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Interactions of Gravitational Waves with masses

S = �
Z

dt m

r
�gµ⌫

dxµ

dt

dx⌫
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. . . 

Gravitational Wave and a Hollow Sphere
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üp +
!p

Qp
u̇p + !2

p up ' �1

2
!2
g V

1/3
cav ⌘gmech h0 e

i!gt

<latexit sha1_base64="xv34DiepiBxwzIYhmS2RxK2mt8c="></latexit>

Equation of motion
⌘gmech =
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