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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>

3
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GW/Axion similarities
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)
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Framing the Question
Detailed estimates require some GR

GW in TT gauge: @µh
µ⌫ = 0, hµ

µ = 0, h00 = h0i = 0
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Framing the Question
Detailed estimates require 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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CERN, Feb. 11th, 2025Sebastian A. R. Ellis — Electromagnetic Detection of 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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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>
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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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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>
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CERN, Feb. 11th, 2025Sebastian A. R. Ellis — Electromagnetic Detection of 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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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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CERN, Feb. 11th, 2025Sebastian A. R. Ellis — Electromagnetic Detection of 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>
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Transfer function for EM conversion

8

ge

<latexit sha1_base64="IayKPCFDvmd/mFokgkcI0Ojomcc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPrYL1fcqjsHWSVeTiqQo9Evf/UGCctilIYJqnXXc1PjT6gynAmclnqZxpSyEY2wa6mkMWp/Mj91Ss6sMiBhomxJQ+bq74kJjbUex4HtjKkZ6mVvJv7ndTMTXvsTLtPMoGSLRWEmiEnI7G8y4AqZEWNLKFPc3krYkCrKjE2nZEPwll9eJa2LqlerXt7XKvWbPI4inMApnIMHV1CHO2hAExhE8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBDMo3L</latexit>

ẽ0

<latexit sha1_base64="HNNQ48MjI6xjEQgK7ZHLgKv82BA=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDabSbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4zvZn7nCbQRiXrESQp+zIZKRIIztFKvj0KGkMN04A6qNbfuzkFXiVeQGinQHFS/+mHCsxgUcsmM6Xluin7ONAouYVrpZwZSxsdsCD1LFYvB+Pn85Ck9s0pIo0TbUkjn6u+JnMXGTOLAdsYMR2bZm4n/eb0Moxs/FyrNEBRfLIoySTGhs/9pKDRwlBNLGNfC3kr5iGnG0aZUsSF4yy+vkvZF3busXz1c1hq3RRxlckJOyTnxyDVpkHvSJC3CSUKeySt5c9B5cd6dj0VrySlmjskfOJ8/U8CRSg==</latexit>

ẽ1

<latexit sha1_base64="aKqDYyGwbO2iMdA1W97V/QU8ASI=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDabSbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpDi2eyER3A2ZACgUtFCihm2pgcSChE4zvZn7nCbQRiXrESQp+zIZKRIIztFKvj0KGkMN04A2qNbfuzkFXiVeQGinQHFS/+mHCsxgUcsmM6Xluin7ONAouYVrpZwZSxsdsCD1LFYvB+Pn85Ck9s0pIo0TbUkjn6u+JnMXGTOLAdsYMR2bZm4n/eb0Moxs/FyrNEBRfLIoySTGhs/9pKDRwlBNLGNfC3kr5iGnG0aZUsSF4yy+vkvZF3busXz1c1hq3RRxlckJOyTnxyDVpkHvSJC3CSUKeySt5c9B5cd6dj0VrySlmjskfOJ8/VUSRSw==</latexit>

h̃

<latexit sha1_base64="s3IH3VEK9CqJXRyaCID80MVJOj4=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoseiF48V7Ie0oWw203bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFBE0UaCETqKBqUBCOxjfzvz2E2gj4ugBJwn4ig0jMRCcoZUeeyhkCNlo2i9X3Ko7B10lXk4qJEejX/7qhTFPFUTIJTOm67kJ+hnTKLiEaamXGkgYH7MhdC2NmALjZ/ODp/TMKiEdxNpWhHSu/p7ImDJmogLbqRiOzLI3E//zuikOrv1MREmKEPHFokEqKcZ09j0NhQaOcmIJ41rYWykfMc042oxKNgRv+eVV0rqoerXq5X2tUr/J4yiSE3JKzolHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBLaWQqg==</latexit>

T 2
EM(!) =

!2
g!

2(!gL+ !0L+ 1)2
⇣
(!2

1 � !2)2 + !2!2
1

Q2

⌘ min[1,!2
gL

2]

<latexit sha1_base64="S8pBUCWGte4/yK5A8Vow77UlpyU="></latexit>

✓
!2
1 � !2 + i

!!1

Q

◆
ẽ1(!) '

Z
d!0ẽ0(! � !0)ge! h̃TT(!0)

<latexit sha1_base64="hR81H+DzhZWAv9juCpU03svP0JI="></latexit>

ge ⌘ !g(1 + !gL+ !0L)min[1,!gL]

<latexit sha1_base64="027POqEr8zvlrIdBA4IuqxT3QYQ="></latexit>

D’Agnolo, SARE (gr-qc/2412.17897)
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Framing the Question
Further complications: What is an EM field?

9

I �(z) �(y)

<latexit sha1_base64="+yzxg9C/cKnDHCSEfvLOmH+gBHo=">AAACAXicbZDNSsNAFIUn9a/Wv6gbwc1gEVooJZGKLotudFfBtkITymQyaYdOJmFmIsRQN76KGxeKuPUt3Pk2TtsstPXAwMe593LnHi9mVCrL+jYKS8srq2vF9dLG5tb2jrm715FRIjBp44hF4s5DkjDKSVtRxchdLAgKPUa63uhyUu/eEyFpxG9VGhM3RANOA4qR0lbfPLh2atDxCVOo8lB1ajmm1b5ZturWVHAR7BzKIFerb345foSTkHCFGZKyZ1uxcjMkFMWMjEtOIkmM8AgNSE8jRyGRbja9YAyPtePDIBL6cQWn7u+JDIVSpqGnO0OkhnK+NjH/q/USFZy7GeVxogjHs0VBwqCK4CQO6FNBsGKpBoQF1X+FeIgEwkqHVtIh2PMnL0LnpG436qc3jXLzIo+jCA7BEagAG5yBJrgCLdAGGDyCZ/AK3own48V4Nz5mrQUjn9kHf2R8/gA+ApV9</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

z

<latexit sha1_base64="mBNsSck29HYD+UA8I7CdsBnbA5A=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOvZjQY=</latexit>

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

What does  look like far from c.o.m.?I δ(z) δ(y)
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Framing the Question
Further complications: What is an EM field?

EM field generated by a charge/current distribution

9

I �(z) �(y)

<latexit sha1_base64="+yzxg9C/cKnDHCSEfvLOmH+gBHo=">AAACAXicbZDNSsNAFIUn9a/Wv6gbwc1gEVooJZGKLotudFfBtkITymQyaYdOJmFmIsRQN76KGxeKuPUt3Pk2TtsstPXAwMe593LnHi9mVCrL+jYKS8srq2vF9dLG5tb2jrm715FRIjBp44hF4s5DkjDKSVtRxchdLAgKPUa63uhyUu/eEyFpxG9VGhM3RANOA4qR0lbfPLh2atDxCVOo8lB1ajmm1b5ZturWVHAR7BzKIFerb345foSTkHCFGZKyZ1uxcjMkFMWMjEtOIkmM8AgNSE8jRyGRbja9YAyPtePDIBL6cQWn7u+JDIVSpqGnO0OkhnK+NjH/q/USFZy7GeVxogjHs0VBwqCK4CQO6FNBsGKpBoQF1X+FeIgEwkqHVtIh2PMnL0LnpG436qc3jXLzIo+jCA7BEagAG5yBJrgCLdAGGDyCZ/AK3own48V4Nz5mrQUjn9kHf2R8/gA+ApV9</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

z

<latexit sha1_base64="mBNsSck29HYD+UA8I7CdsBnbA5A=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOvZjQY=</latexit>

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

What does  look like far from c.o.m.?I δ(z) δ(y)
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Further complications: What is an EM field?

EM field generated by a charge/current distribution

9

I �(z) �(y)

<latexit sha1_base64="+yzxg9C/cKnDHCSEfvLOmH+gBHo=">AAACAXicbZDNSsNAFIUn9a/Wv6gbwc1gEVooJZGKLotudFfBtkITymQyaYdOJmFmIsRQN76KGxeKuPUt3Pk2TtsstPXAwMe593LnHi9mVCrL+jYKS8srq2vF9dLG5tb2jrm715FRIjBp44hF4s5DkjDKSVtRxchdLAgKPUa63uhyUu/eEyFpxG9VGhM3RANOA4qR0lbfPLh2atDxCVOo8lB1ajmm1b5ZturWVHAR7BzKIFerb345foSTkHCFGZKyZ1uxcjMkFMWMjEtOIkmM8AgNSE8jRyGRbja9YAyPtePDIBL6cQWn7u+JDIVSpqGnO0OkhnK+NjH/q/USFZy7GeVxogjHs0VBwqCK4CQO6FNBsGKpBoQF1X+FeIgEwkqHVtIh2PMnL0LnpG436qc3jXLzIo+jCA7BEagAG5yBJrgCLdAGGDyCZ/AK3own48V4Nz5mrQUjn9kHf2R8/gA+ApV9</latexit>

y

<latexit sha1_base64="0AzN9pSceEkVyYO5YY8D+4ugxy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6Lq1aqXzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6lWNBQ==</latexit>

z

<latexit sha1_base64="mBNsSck29HYD+UA8I7CdsBnbA5A=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOvZjQY=</latexit>

x

<latexit sha1_base64="E+xWb622b2P97o+CO1oWwc/7ors=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOjRjQQ=</latexit>

Proper Detector Frame is expansion around c.o.m.

What does  look like far from c.o.m.?I δ(z) δ(y)
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Interactions of Gravitational Waves with masses

S = �
Z

dt m

r
�gµ⌫

dxµ

dt

dx⌫

dt

<latexit sha1_base64="Hc6tlOc5fQvpf3BM17IOu3WQp5k="></latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫ , gµ⌫ = ⌘µ⌫ � hµ⌫
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Interactions of Gravitational Waves with masses

S = �
Z

dt m

r
�gµ⌫

dxµ

dt

dx⌫

dt

<latexit sha1_base64="Hc6tlOc5fQvpf3BM17IOu3WQp5k="></latexit>

Equation of motion:
d2xµ

d⌧2
+ �µ

⌫⇢(x)
dx⌫

d⌧

dx⇢

d⌧
= 0

<latexit sha1_base64="SpDw4oeV6gOezaJZfyRHS8PTTEc="></latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫ , gµ⌫ = ⌘µ⌫ � hµ⌫

10
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Interactions of Gravitational Waves with masses

S = �
Z

dt m

r
�gµ⌫

dxµ

dt

dx⌫

dt

<latexit sha1_base64="Hc6tlOc5fQvpf3BM17IOu3WQp5k="></latexit>

Equation of motion:
d2xµ

d⌧2
+ �µ

⌫⇢(x)
dx⌫

d⌧

dx⇢

d⌧
= 0

<latexit sha1_base64="SpDw4oeV6gOezaJZfyRHS8PTTEc="></latexit>

Effect of GW encoded in Christoffel symbol � / @h

<latexit sha1_base64="JbZQPictrl89eFVtQBfjZfjgIuQ=">AAACAnicbVDLSgMxFM34rPU16krcBIvgqsxIRZdFF7qsYB/QGcqdNNOGJjNDkhHKUNz4K25cKOLWr3Dn35hpZ6GtF0IO59x7k3OChDOlHefbWlpeWV1bL22UN7e2d3btvf2WilNJaJPEPJadABTlLKJNzTSnnURSEAGn7WB0nevtByoVi6N7PU6oL2AQsZAR0Ibq2YfeDQgB2EtknOjY3CA1A46HPbviVJ1p4UXgFqCCimr07C+vH5NU0EgTDkp1XSfRfpbvI5xOyl6qaAJkBAPaNTACQZWfTS1M8Ilh+jiMpTmRxlP290QGQqmxCEynAD1U81pO/qd1Ux1e+hmLklTTiMweClOOjdc8D9xnkhLNxwYAkcz8FZMhSCDapFY2IbjzlhdB66zq1qrnd7VK/aqIo4SO0DE6RS66QHV0ixqoiQh6RM/oFb1ZT9aL9W59zFqXrGLmAP0p6/MHsQSW/Q==</latexit>

gµ⌫ = ⌘µ⌫ + hµ⌫ , gµ⌫ = ⌘µ⌫ � hµ⌫

10
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Returning to Framing the Question
Consider Local Inertial Frame

e.g. Maggiore (2007)
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Returning to Framing the Question
Consider Local Inertial Frame

Effect of GW in LIF is that of a Newtonian Force

d2⇠i
d⌧2

' �Fi

m

<latexit sha1_base64="QVNoKu2NnUu6KpgbSQSs6pJftlk=">AAACGXicbVDLSsNAFJ3UV62vqks3g0VwY0lKRZdFQVxWsA9o0jCZTNqhM0mcmYgl5Dfc+CtuXCjiUlf+jZO2C209MHA451zu3OPFjEplmt9GYWl5ZXWtuF7a2Nza3inv7rVllAhMWjhikeh6SBJGQ9JSVDHSjQVB3GOk440uc79zT4SkUXirxjFxOBqENKAYKS25ZdMOBMKp369B+4G6NEt9W6GkX8ugLSknd/AETiNXuckzt1wxq+YEcJFYM1IBMzTd8qftRzjhJFSYISl7lhkrJ0VCUcxIVrITSWKER2hAepqGiBPppJPLMnikFR8GkdAvVHCi/p5IEZdyzD2d5EgN5byXi/95vUQF505KwzhRJMTTRUHCoIpgXhP0qSBYsbEmCAuq/wrxEOkelC6zpEuw5k9eJO1a1apXT2/qlcbFrI4iOACH4BhY4Aw0wDVoghbA4BE8g1fwZjwZL8a78TGNFozZzD74A+PrB3SsoJk=</latexit>

e.g. Maggiore (2007)
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Returning to Framing the Question
Consider Local Inertial Frame

Effect of GW in LIF is that of a Newtonian Force

d2⇠i
d⌧2

' �@i �
j
00 ⇠

i

<latexit sha1_base64="VzzM8HbrrkO4mGVppphPASama88="></latexit>

d2⇠i
d⌧2

' �Fi

m

<latexit sha1_base64="QVNoKu2NnUu6KpgbSQSs6pJftlk=">AAACGXicbVDLSsNAFJ3UV62vqks3g0VwY0lKRZdFQVxWsA9o0jCZTNqhM0mcmYgl5Dfc+CtuXCjiUlf+jZO2C209MHA451zu3OPFjEplmt9GYWl5ZXWtuF7a2Nza3inv7rVllAhMWjhikeh6SBJGQ9JSVDHSjQVB3GOk440uc79zT4SkUXirxjFxOBqENKAYKS25ZdMOBMKp369B+4G6NEt9W6GkX8ugLSknd/AETiNXuckzt1wxq+YEcJFYM1IBMzTd8qftRzjhJFSYISl7lhkrJ0VCUcxIVrITSWKER2hAepqGiBPppJPLMnikFR8GkdAvVHCi/p5IEZdyzD2d5EgN5byXi/95vUQF505KwzhRJMTTRUHCoIpgXhP0qSBYsbEmCAuq/wrxEOkelC6zpEuw5k9eJO1a1apXT2/qlcbFrI4iOACH4BhY4Aw0wDVoghbA4BE8g1fwZjwZL8a78TGNFozZzD74A+PrB3SsoJk=</latexit>

e.g. Maggiore (2007)
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Returning to Framing the Question
Consider Local Inertial Frame

Effect of GW in LIF is that of a Newtonian Force

Fi '
m

2
ḧTT
ij xi

<latexit sha1_base64="3YeBR5WkNOXg7sTAJ4wYYP1WzWE=">AAACGnicbVDLSgMxFM3UV62vqks3wSK4KjNF0WVREJcV+oJOO2QymTY2mRmTjFjCfIcbf8WNC0XciRv/xvSx0NYDFw7n3Mu99/gJo1LZ9reVW1peWV3Lrxc2Nre2d4q7e00ZpwKTBo5ZLNo+koTRiDQUVYy0E0EQ9xlp+cPLsd+6J0LSOKqrUUK6HPUjGlKMlJG8onPlUehKyskddEOBsOaZrmTQDYJY6UHmaXqb9bQrOKzXM/jQo16xZJftCeAicWakBGaoecVPN4hxykmkMENSdhw7UV2NhKKYkazgppIkCA9Rn3QMjRAnsqsnr2XwyCgBDGNhKlJwov6e0IhLOeK+6eRIDeS8Nxb/8zqpCs+7mkZJqkiEp4vClEEVw3FOMKCCYMVGhiAsqLkV4gEyASmTZsGE4My/vEialbJzUj69OSlVL2Zx5MEBOATHwAFnoAquQQ00AAaP4Bm8gjfryXqx3q2PaWvOms3sgz+wvn4AwQ+hVg==</latexit>
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Physical current itself also changing at 𝒪(h)

⇒

Boundaries also changing at 𝒪(h)

⇒

All detector components effectively free-falling: use TT frame
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Consequence of mass degeneracy of photon and GW in vacuum
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Typical distance to binary  
~ 10 kpc

Franciolini, Maharana, Muia (2022)

Improves on resonant cavity
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Some detector components moving: use PDF in long-wavelength regime

Less relevant due to rigidity of photons, responding at c
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ũm(!) ' �

!2
gL

2
h̃TT(!)

<latexit sha1_base64="eiOCBUuRYbYjAhN7IWJDp+7DRXU="></latexit>

✓
!2
1 � !2 + i

!!1

Q

◆
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Domcke, SARE, Rodd (2024) 



CERN, Feb. 11th, 2025Sebastian A. R. Ellis — Electromagnetic Detection of Gravitational Waves

1.2 1.4 1.6 1.8 2.0 2.2 2.4

z0 [m]

10°5

10°3

10°1

101

103

105

|G|2

Q
2 m

ec
h

|G|2 = 10°2 £ Q2
mech

|G|2 = 5

Gain for h+ along x-axis

pickup loop only

u210 only, Qmech = 1

both, Qmech = 103

Magnetic Weber Bar

24

Heuristics confirmed in detailed calculation…

T ⇠ 1

<latexit sha1_base64="hSwg4SB0g27LetnYOsD64ymF5l8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0WXRjcsKfUETymQ6aYfOJGFmopTYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98wJEs6Udpxvq7S2vrG5Vd6u7Ozu7R/Y1cOOilNJaJvEPJa9ACvKWUTbmmlOe4mkWAScdoPJbe53H6hULI5aeppQX+BRxEJGsDbSwK56AusxwTxrzTzFBHIHds2pO3OgVeIWpAYFmgP7yxvGJBU00oRjpfquk2g/w1Izwums4qWKJphM8Ij2DY2woMrP5tFn6NQoQxTG0rxIo7n6eyPDQqmpCMxkHlQte7n4n9dPdXjtZyxKUk0jsjgUphzpGOU9oCGTlGg+NQQTyUxWRMZYYqJNWxVTgrv85VXSOa+7F/XL+4ta46aoowzHcAJn4MIVNOAOmtAGAo/wDK/wZj1ZL9a79bEYLVnFzhH8gfX5A/+Tk9U=</latexit>

Domcke, SARE, Rodd (2024) 



CERN, Feb. 11th, 2025Sebastian A. R. Ellis — Electromagnetic Detection of Gravitational Waves

1.2 1.4 1.6 1.8 2.0 2.2 2.4

z0 [m]

10°5

10°3

10°1

101

103

105

|G|2

Q
2 m

ec
h

|G|2 = 10°2 £ Q2
mech

|G|2 = 5

Gain for h+ along x-axis

pickup loop only

u210 only, Qmech = 1

both, Qmech = 103

Magnetic Weber Bar

24

Heuristics confirmed in detailed calculation…

T ⇠ 1

<latexit sha1_base64="hSwg4SB0g27LetnYOsD64ymF5l8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE0WXRjcsKfUETymQ6aYfOJGFmopTYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98wJEs6Udpxvq7S2vrG5Vd6u7Ozu7R/Y1cOOilNJaJvEPJa9ACvKWUTbmmlOe4mkWAScdoPJbe53H6hULI5aeppQX+BRxEJGsDbSwK56AusxwTxrzTzFBHIHds2pO3OgVeIWpAYFmgP7yxvGJBU00oRjpfquk2g/w1Izwums4qWKJphM8Ij2DY2woMrP5tFn6NQoQxTG0rxIo7n6eyPDQqmpCMxkHlQte7n4n9dPdXjtZyxKUk0jsjgUphzpGOU9oCGTlGg+NQQTyUxWRMZYYqJNWxVTgrv85VXSOa+7F/XL+4ta46aoowzHcAJn4MIVNOAOmtAGAo/wDK/wZj1ZL9a79bEYLVnFzhH8gfX5A/+Tk9U=</latexit>

T ⇠ Qmech

<latexit sha1_base64="19KPsV4IsorTaO5d8PSgLE7xaKA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRS0WXRjcsW+oImhMl02g6dmYSZiVBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nvCmFGlHefbKq2tb2xulbcrO7t7+wf24VFXRYnEpIMjFsl+iBRhVJCOppqRfiwJ4iEjvXB6l/u9ByIVjURbz2LiczQWdEQx0kYK7FOPIz3BiKXtDHqKctgKUk9yyAmeZIFddWrOHHCVuAWpggLNwP7yhhFOOBEaM6TUwHVi7adIaooZySpeokiM8BSNycBQgThRfjp/I4PnRhnCUSRNCQ3n6u+JFHGlZjw0nfnRatnLxf+8QaJHN35KRZxoIvBi0ShhUEcwzwQOqSRYs5khCEtqboV4giTC2iRXMSG4yy+vku5lza3Xrlr1auO2iKMMTsAZuAAuuAYNcA+aoAMweATP4BW8WU/Wi/VufSxaS1Yxcwz+wPr8AQt9mNw=</latexit>

Domcke, SARE, Rodd (2024) 



CERN, Feb. 11th, 2025Sebastian A. R. Ellis — Electromagnetic Detection of Gravitational Waves

Magnetic Weber Bar

25

Domcke, SARE, Rodd (2024) 

102 103 104 105 106 107 108

f [Hz]

10°30

10°28

10°26

10°24

10°22

10°20

10°18

10°16

10°14

10°12

° S
n
oi

se
h

¢ 1
/2

[H
z°

1/
2
] H

ol
om

et
erResonant LC

L
ev

.
S
en

so
rs

MAGO Broad.

MAGO Res.

LIGO

AURIGA

BBN bound

MWB-EFR Broad.
MWB-DMR Broad.

MWB-DMR Res.

Magnetic Weber Bar Sensitivity
ADMX-EFR: B0 = 10 T, T = 4 K, Rp = 0.4 m, Qmech = 106

DMRadio-GUT: B0 = 16 T, T = 0.02 K, Rp = 3 m, Qmech = 107



CERN, Feb. 11th, 2025Sebastian A. R. Ellis — Electromagnetic Detection of Gravitational Waves

Magnetic Weber Bar

25

Domcke, SARE, Rodd (2024) 

102 103 104 105 106 107 108

f [Hz]

10°30

10°28

10°26

10°24

10°22

10°20

10°18

10°16

10°14

10°12

° S
n
oi

se
h

¢ 1
/2

[H
z°

1/
2
] H

ol
om

et
erResonant LC

L
ev

.
S
en

so
rs

MAGO Broad.

MAGO Res.

LIGO

AURIGA

BBN bound

MWB-EFR Broad.
MWB-DMR Broad.

MWB-DMR Res.

Magnetic Weber Bar Sensitivity
ADMX-EFR: B0 = 10 T, T = 4 K, Rp = 0.4 m, Qmech = 106

DMRadio-GUT: B0 = 16 T, T = 0.02 K, Rp = 3 m, Qmech = 107

Intuition confirmed, with small 
penalty from noise



CERN, Feb. 11th, 2025Sebastian A. R. Ellis — Electromagnetic Detection of Gravitational Waves

Magnetic Weber Bar

25

Domcke, SARE, Rodd (2024) 

102 103 104 105 106 107 108

f [Hz]

10°30

10°28

10°26

10°24

10°22

10°20

10°18

10°16

10°14

10°12

° S
n
oi

se
h

¢ 1
/2

[H
z°

1/
2
] H

ol
om

et
erResonant LC

L
ev

.
S
en

so
rs

MAGO Broad.

MAGO Res.

LIGO

AURIGA

BBN bound

MWB-EFR Broad.
MWB-DMR Broad.

MWB-DMR Res.

Magnetic Weber Bar Sensitivity
ADMX-EFR: B0 = 10 T, T = 4 K, Rp = 0.4 m, Qmech = 106

DMRadio-GUT: B0 = 16 T, T = 0.02 K, Rp = 3 m, Qmech = 107

Intuition confirmed, with small 
penalty from noise

Enhancement from mechanical 
resonance transfer function
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Conclusions
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Identify regime of GW by hierarchy with respect to size of detector: 
•Resonant regime:  — use PDF and account for current & 
boundary changes 

e.g. axion cavity experiments 
•High-frequency regime:  — use TT gauge 

e.g. MADMAX 
•Low-frequency regime:  — use PDF and account for current & 
boundary changes 

 e.g. Magneto-quasistatic experiments 
 e.g. Heterodyne experiments

ωg ∼ 1/L ≫ cs/L

ωg ≫ 1/L ≫ cs/L

1/L ≫ ωg
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