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<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>

In

⇠ �10

<latexit sha1_base64="3FFx/JIp1vV42AITMU185a31bzs=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgxbArET0GvXiMYB6QLGF2MkmGzMyuM71CWPITXjwo4tXf8ebfOHkcVBQsaCiquunuihIpLPr+h5dbWl5ZXcuvFzY2t7Z3irt7DRunhvE6i2VsWhG1XArN6yhQ8lZiOFWR5M1odDX1m/fcWBHrWxwnPFR0oEVfMIpOanWsUOQk8LvFUlD2ZyB/kxIsUOsW3zu9mKWKa2SSWtsO/ATDjBoUTPJJoZNanlA2ogPedlRTxW2Yze6dkCOn9Eg/Nq40kpn6dSKjytqxilynoji0P72p+JvXTrF/EWZCJylyzeaL+qkkGJPp86QnDGcox45QZoS7lbAhNZShi6jwvxAap+WgUj67qZSql4s48nAAh3AMAZxDFa6hBnVgIOEBnuDZu/MevRfvdd6a8xYz+/AN3tsnyaaPKA==</latexit>
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g

<latexit sha1_base64="FsJtCAZPM94hrMBiQufN3zkPnEs=">AAAB/3icjVDLSgNBEJyNrxhfq4IXL4NB8BQ2EtFj0IvHCOYBSQizk04yZHZ2mekRw5qDv+LFgyJe/Q1v/o2Tx0FFwYKGoqqbaipMpDAYBB9eZmFxaXklu5pbW9/Y3PK3d2omtppDlccy1o2QGZBCQRUFSmgkGlgUSqiHw4uJX78BbUSsrnGUQDtifSV6gjN0UsffaylLWwi3mNIu8Ni6UNUfd/x8sRBMQf8meTJHpeO/t7oxtxEo5JIZ0ywGCbZTplFwCeNcyxpIGB+yPjQdVSwC006n/4/poVO6tBdrNwrpVP16kbLImFEUus2I4cD89Cbib17TYu+snQqVWATFZ0E9KynGdFIG7QoNHOXIEca1cL9SPmCacXSV5f5XQu24UCwVTq5K+fL5vI4s2ScH5IgUySkpk0tSIVXCyR15IE/k2bv3Hr0X73W2mvHmN7vkG7y3T1fnllQ=</latexit>  
⌫

<latexit sha1_base64="9Yk4HYf9eQ+LiU3ByZ2M36AClF4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNCWtuQS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdueTPvFEna9su9jjLBbq9V8v7okuOIjz8ULlGCFRr/43hvENI2YNFQQrbseTkyQEWU4FWxW6KWaJYROyIh1LZUkYjrIFqfO0JlVBmgYK1vSoIX6fSIjkdbTKLSdETFj/dubi3953dQML4KMyyQ1TNLlomEqkInR/G804IpRI6aWEKq4vRXRMVGEGptOwYbw9Sn6n7TKrldxqzeVUv1yFUceTuAUzsEDH+pwDQ1oAoURPMATPDvCeXRenNdla85ZzRzDDzhvn/MPjkQ=</latexit>

⇠ �3

<latexit sha1_base64="ACxFmKnpFkmoBxFNLR2M06ITs0k=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgxbDRiB6DXjxGMA9IljA76U2GzMwuM7NCWPIRXjwo4tXv8ebfOHkcVBQsaCiquunuChPBjfX9Dy+3tLyyupZfL2xsbm3vFHf3miZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOrqd+6x614bG6s+MEA0kHikecUeukVtdwSU7OesVSpezPQP4mJVig3iu+d/sxSyUqywQ1plPxExtkVFvOBE4K3dRgQtmIDrDjqKISTZDNzp2QI6f0SRRrV8qSmfp1IqPSmLEMXaekdmh+elPxN6+T2ugyyLhKUouKzRdFqSA2JtPfSZ9rZFaMHaFMc3crYUOqKbMuocL/QmielivV8vlttVS7WsSRhwM4hGOowAXU4Abq0AAGI3iAJ3j2Eu/Re/Fe5605bzGzD9/gvX0CXNuO8A==</latexit>

�

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

C
M
B

<latexit sha1_base64="DaBmVGRW/CSFiKTqULDlxPZXOog=">AAAB8XicjVDLSgNBEJyNrxhfUY9eBoPgKeyKoseQXLwIEcwDkyXMTnqTIbOzy0yvGJb8hRcPinj1b7z5N04eBxUFCxqKqm66u4JECoOu++HklpZXVtfy64WNza3tneLuXtPEqebQ4LGMdTtgBqRQ0ECBEtqJBhYFElrBqDb1W3egjYjVDY4T8CM2UCIUnKGVbrsI95jVrqqTXrHkld0Z6N+kRBao94rv3X7M0wgUcsmM6Xhugn7GNAouYVLopgYSxkdsAB1LFYvA+Nns4gk9skqfhrG2pZDO1K8TGYuMGUeB7YwYDs1Pbyr+5nVSDC/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakwv9CaJ6UvdPy2fVpqVJdxJEnB+SQHBOPnJMKuSR10iCcKPJAnsizY5xH58V5nbfmnMXMPvkG5+0ThnuQ1A==</latexit> G⇠ �27

<latexit sha1_base64="E4ickKUOzsLUx8X++i2RzjGnLL0=">AAAB73icjVDJSgNBEK2JW4xb1KOXxiB4McyESDwGvXiMYBZIhtDT6Uma9DJ29whhyE948aCIV3/Hm39jZzmoKPig4PFeFVX1ooQzY33/w8utrK6tb+Q3C1vbO7t7xf2DllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsaX8389j3Vhil5aycJDQUeShYzgq2TOj3DBDqr1PrFUlD250B/kxIs0egX33sDRVJBpSUcG9MN/MSGGdaWEU6nhV5qaILJGA9p11GJBTVhNr93ik6cMkCx0q6kRXP160SGhTETEblOge3I/PRm4m9eN7XxRZgxmaSWSrJYFKccWYVmz6MB05RYPnEEE83crYiMsMbEuogK/wuhVSkH1fL5TbVUv1zGkYcjOIZTCKAGdbiGBjSBAIcHeIJn78579F6810VrzlvOHMI3eG+f1cePMA==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Charting The Course

What are they?

Connection to Axions?

RF Cavities?

How do we see them?

What targets?
Why do we care?

0

<latexit sha1_base64="A6NN8dLeZ4tyFLCHe4UhhaqqfQQ=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GTduDioIPBh7vzTAzL0gE18Z1P5zCyura+kZxs7S1vbO7V94/aOs4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcp37nXtUmsfy1kwT9CM6kjzkjBorNd1BueJV3TnI36QCSzQG5ff+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ/NDZ+TEKkMSxsqWNGSufp3IaKT1NApsZ0TNWP/0cvE3r5ea8NLPuExSg5ItFoWpICYm+ddkyBUyI6aWUKa4vZWwMVWUGZtN6X8htM+qXq163qxV6lfLOIpwBMdwCh5cQB1uoAEtYIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4AWjL8=</latexit>

� log10 z

<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>

In

⇠ �10

<latexit sha1_base64="3FFx/JIp1vV42AITMU185a31bzs=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgxbArET0GvXiMYB6QLGF2MkmGzMyuM71CWPITXjwo4tXf8ebfOHkcVBQsaCiquunuihIpLPr+h5dbWl5ZXcuvFzY2t7Z3irt7DRunhvE6i2VsWhG1XArN6yhQ8lZiOFWR5M1odDX1m/fcWBHrWxwnPFR0oEVfMIpOanWsUOQk8LvFUlD2ZyB/kxIsUOsW3zu9mKWKa2SSWtsO/ATDjBoUTPJJoZNanlA2ogPedlRTxW2Yze6dkCOn9Eg/Nq40kpn6dSKjytqxilynoji0P72p+JvXTrF/EWZCJylyzeaL+qkkGJPp86QnDGcox45QZoS7lbAhNZShi6jwvxAap+WgUj67qZSql4s48nAAh3AMAZxDFa6hBnVgIOEBnuDZu/MevRfvdd6a8xYz+/AN3tsnyaaPKA==</latexit>
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g

<latexit sha1_base64="FsJtCAZPM94hrMBiQufN3zkPnEs=">AAAB/3icjVDLSgNBEJyNrxhfq4IXL4NB8BQ2EtFj0IvHCOYBSQizk04yZHZ2mekRw5qDv+LFgyJe/Q1v/o2Tx0FFwYKGoqqbaipMpDAYBB9eZmFxaXklu5pbW9/Y3PK3d2omtppDlccy1o2QGZBCQRUFSmgkGlgUSqiHw4uJX78BbUSsrnGUQDtifSV6gjN0UsffaylLWwi3mNIu8Ni6UNUfd/x8sRBMQf8meTJHpeO/t7oxtxEo5JIZ0ywGCbZTplFwCeNcyxpIGB+yPjQdVSwC006n/4/poVO6tBdrNwrpVP16kbLImFEUus2I4cD89Cbib17TYu+snQqVWATFZ0E9KynGdFIG7QoNHOXIEca1cL9SPmCacXSV5f5XQu24UCwVTq5K+fL5vI4s2ScH5IgUySkpk0tSIVXCyR15IE/k2bv3Hr0X73W2mvHmN7vkG7y3T1fnllQ=</latexit>  
⌫

<latexit sha1_base64="9Yk4HYf9eQ+LiU3ByZ2M36AClF4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNCWtuQS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdueTPvFEna9su9jjLBbq9V8v7okuOIjz8ULlGCFRr/43hvENI2YNFQQrbseTkyQEWU4FWxW6KWaJYROyIh1LZUkYjrIFqfO0JlVBmgYK1vSoIX6fSIjkdbTKLSdETFj/dubi3953dQML4KMyyQ1TNLlomEqkInR/G804IpRI6aWEKq4vRXRMVGEGptOwYbw9Sn6n7TKrldxqzeVUv1yFUceTuAUzsEDH+pwDQ1oAoURPMATPDvCeXRenNdla85ZzRzDDzhvn/MPjkQ=</latexit>

⇠ �3

<latexit sha1_base64="ACxFmKnpFkmoBxFNLR2M06ITs0k=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgxbDRiB6DXjxGMA9IljA76U2GzMwuM7NCWPIRXjwo4tXv8ebfOHkcVBQsaCiquunuChPBjfX9Dy+3tLyyupZfL2xsbm3vFHf3miZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOrqd+6x614bG6s+MEA0kHikecUeukVtdwSU7OesVSpezPQP4mJVig3iu+d/sxSyUqywQ1plPxExtkVFvOBE4K3dRgQtmIDrDjqKISTZDNzp2QI6f0SRRrV8qSmfp1IqPSmLEMXaekdmh+elPxN6+T2ugyyLhKUouKzRdFqSA2JtPfSZ9rZFaMHaFMc3crYUOqKbMuocL/QmielivV8vlttVS7WsSRhwM4hGOowAXU4Abq0AAGI3iAJ3j2Eu/Re/Fe5605bzGzD9/gvX0CXNuO8A==</latexit>

�

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

C
M
B

<latexit sha1_base64="DaBmVGRW/CSFiKTqULDlxPZXOog=">AAAB8XicjVDLSgNBEJyNrxhfUY9eBoPgKeyKoseQXLwIEcwDkyXMTnqTIbOzy0yvGJb8hRcPinj1b7z5N04eBxUFCxqKqm66u4JECoOu++HklpZXVtfy64WNza3tneLuXtPEqebQ4LGMdTtgBqRQ0ECBEtqJBhYFElrBqDb1W3egjYjVDY4T8CM2UCIUnKGVbrsI95jVrqqTXrHkld0Z6N+kRBao94rv3X7M0wgUcsmM6Xhugn7GNAouYVLopgYSxkdsAB1LFYvA+Nns4gk9skqfhrG2pZDO1K8TGYuMGUeB7YwYDs1Pbyr+5nVSDC/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakwv9CaJ6UvdPy2fVpqVJdxJEnB+SQHBOPnJMKuSR10iCcKPJAnsizY5xH58V5nbfmnMXMPvkG5+0ThnuQ1A==</latexit> G⇠ �27

<latexit sha1_base64="E4ickKUOzsLUx8X++i2RzjGnLL0=">AAAB73icjVDJSgNBEK2JW4xb1KOXxiB4McyESDwGvXiMYBZIhtDT6Uma9DJ29whhyE948aCIV3/Hm39jZzmoKPig4PFeFVX1ooQzY33/w8utrK6tb+Q3C1vbO7t7xf2DllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsaX8389j3Vhil5aycJDQUeShYzgq2TOj3DBDqr1PrFUlD250B/kxIs0egX33sDRVJBpSUcG9MN/MSGGdaWEU6nhV5qaILJGA9p11GJBTVhNr93ik6cMkCx0q6kRXP160SGhTETEblOge3I/PRm4m9eN7XxRZgxmaSWSrJYFKccWYVmz6MB05RYPnEEE83crYiMsMbEuogK/wuhVSkH1fL5TbVUv1zGkYcjOIZTCKAGdbiGBjSBAIcHeIJn78579F6810VrzlvOHMI3eG+f1cePMA==</latexit>
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Gravitational Waves

Tiny deformations of spacetime due to matter

What?



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Tiny deformations of spacetime due to matter

What?

Treat them as flat space + perturbation
gµ⌫ ' ⌘µ⌫ + hµ⌫

<latexit sha1_base64="xYIIWkxR+HmRqvI61jxdUlnaIJI=">AAACFXicjVDLSsNAFJ34rPUVdelmsAiCUhKp6LLoxmUF+4AmhMn0ph06M4kzE6GE/oQbf8WNC0XcCu78G9MHvlDwwIUz59zLnXvChDNtHOfNmpmdm19YLCwVl1dW19btjc2GjlNFoU5jHqtWSDRwJqFumOHQShQQEXJohv2zkd+8BqVZLC/NIAFfkK5kEaPE5FJgH3SDzBOpJ9Mh9jQTcIU9MORT3Me9j0dgl9yyMwb+m5TQFLXAfvU6MU0FSEM50brtOonxM6IMoxyGRS/VkBDaJ11o51QSAdrPxlcN8W6udHAUq7ykwWP160RGhNYDEeadgpie/umNxN+8dmqiEz9jMkkNSDpZFKUcmxiPIsIdpoAaPsgJoYrlf8W0RxShJg+y+L8QGodlt1I+uqiUqqfTOApoG+2gPeSiY1RF56iG6oiiG3SHHtCjdWvdW0/W86R1xprObKFvsF7eASwin3U=</latexit>
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Gravitational Waves

Tiny deformations of spacetime due to matter

What?

Treat them as flat space + perturbation
gµ⌫ ' ⌘µ⌫ + hµ⌫

<latexit sha1_base64="xYIIWkxR+HmRqvI61jxdUlnaIJI=">AAACFXicjVDLSsNAFJ34rPUVdelmsAiCUhKp6LLoxmUF+4AmhMn0ph06M4kzE6GE/oQbf8WNC0XcCu78G9MHvlDwwIUz59zLnXvChDNtHOfNmpmdm19YLCwVl1dW19btjc2GjlNFoU5jHqtWSDRwJqFumOHQShQQEXJohv2zkd+8BqVZLC/NIAFfkK5kEaPE5FJgH3SDzBOpJ9Mh9jQTcIU9MORT3Me9j0dgl9yyMwb+m5TQFLXAfvU6MU0FSEM50brtOonxM6IMoxyGRS/VkBDaJ11o51QSAdrPxlcN8W6udHAUq7ykwWP160RGhNYDEeadgpie/umNxN+8dmqiEz9jMkkNSDpZFKUcmxiPIsIdpoAaPsgJoYrlf8W0RxShJg+y+L8QGodlt1I+uqiUqqfTOApoG+2gPeSiY1RF56iG6oiiG3SHHtCjdWvdW0/W86R1xprObKFvsF7eASwin3U=</latexit>

Gravity is spin-2 — radiation produced by time-varying quadrupole moment
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Gravitational Waves

Tiny deformations of spacetime due to matter

What?

Treat them as flat space + perturbation
gµ⌫ ' ⌘µ⌫ + hµ⌫

<latexit sha1_base64="xYIIWkxR+HmRqvI61jxdUlnaIJI=">AAACFXicjVDLSsNAFJ34rPUVdelmsAiCUhKp6LLoxmUF+4AmhMn0ph06M4kzE6GE/oQbf8WNC0XcCu78G9MHvlDwwIUz59zLnXvChDNtHOfNmpmdm19YLCwVl1dW19btjc2GjlNFoU5jHqtWSDRwJqFumOHQShQQEXJohv2zkd+8BqVZLC/NIAFfkK5kEaPE5FJgH3SDzBOpJ9Mh9jQTcIU9MORT3Me9j0dgl9yyMwb+m5TQFLXAfvU6MU0FSEM50brtOonxM6IMoxyGRS/VkBDaJ11o51QSAdrPxlcN8W6udHAUq7ykwWP160RGhNYDEeadgpie/umNxN+8dmqiEz9jMkkNSDpZFKUcmxiPIsIdpoAaPsgJoYrlf8W0RxShJg+y+L8QGodlt1I+uqiUqqfTOApoG+2gPeSiY1RF56iG6oiiG3SHHtCjdWvdW0/W86R1xprObKFvsF7eASwin3U=</latexit>

Gravity is spin-2 — radiation produced by time-varying quadrupole moment

Quadrupole moment needed for detection also



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

What?



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Simple decomposition into two polarisations

What?



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Simple decomposition into two polarisations

What?



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Simple decomposition into two polarisations

What?
h+

<latexit sha1_base64="ROZHUJMVKpRHlWzStwcJGRjcrsM=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBZBEEoiFT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kPKgo+GHi8N8PMvCARXBvX/XAKS8srq2vF9dLG5tb2Tnl3r6XjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMb9+j0jyWd2aSoB/RoeQhZ9RY6XbUP+mXK17VzUH+JhVYoNEvv/cGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/y0+dkiOrDEgYK1vSkFz9OpHRSOtJFNjOiJqR/unNxN+8bmrCCz/jMkkNSjZfFKaCmJjM/iYDrpAZMbGEMsXtrYSNqKLM2HRK/wuhdVr1atWzm1qlfrmIowgHcAjH4ME51OEaGtAEBkN4gCd4doTz6Lw4r/PWgrOY2YdvcN4+AfEmjZU=</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Simple decomposition into two polarisations

What?
h+

<latexit sha1_base64="ROZHUJMVKpRHlWzStwcJGRjcrsM=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBZBEEoiFT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kPKgo+GHi8N8PMvCARXBvX/XAKS8srq2vF9dLG5tb2Tnl3r6XjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMb9+j0jyWd2aSoB/RoeQhZ9RY6XbUP+mXK17VzUH+JhVYoNEvv/cGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/y0+dkiOrDEgYK1vSkFz9OpHRSOtJFNjOiJqR/unNxN+8bmrCCz/jMkkNSjZfFKaCmJjM/iYDrpAZMbGEMsXtrYSNqKLM2HRK/wuhdVr1atWzm1qlfrmIowgHcAjH4ME51OEaGtAEBkN4gCd4doTz6Lw4r/PWgrOY2YdvcN4+AfEmjZU=</latexit>

h⇥

<latexit sha1_base64="kDLIfbIgFlkkKZSb+OdFl1cmZaM=">AAAB73icjVDLSgNBEOyJrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZpMhs7PrTK8QlvyEFw+KePV3vPk3Th4HFQULGoqqbrq7wlRJi573QQpLyyura8X10sbm1vZOeXevaZPMcNHgiUpMO2RWKKlFAyUq0U6NYHGoRCscXU391r0wVib6FsepCGI20DKSnKGT2sNeF2UsbK9c8aveDPRvUoEF6r3ye7ef8CwWGrli1nZ8L8UgZwYlV2JS6mZWpIyP2EB0HNXMLQny2b0TeuSUPo0S40ojnalfJ3IWWzuOQ9cZMxzan95U/M3rZBhdBLnUaYZC8/miKFMUEzp9nvalERzV2BHGjXS3Uj5khnF0EZX+F0LzpOqfVs9uTiu1y0UcRTiAQzgGH86hBtdQhwZwUPAAT/BM7sgjeSGv89YCWczswzeQt0850pAa</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Simple decomposition into two polarisations

What?
h+

<latexit sha1_base64="ROZHUJMVKpRHlWzStwcJGRjcrsM=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBZBEEoiFT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kPKgo+GHi8N8PMvCARXBvX/XAKS8srq2vF9dLG5tb2Tnl3r6XjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMb9+j0jyWd2aSoB/RoeQhZ9RY6XbUP+mXK17VzUH+JhVYoNEvv/cGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/y0+dkiOrDEgYK1vSkFz9OpHRSOtJFNjOiJqR/unNxN+8bmrCCz/jMkkNSjZfFKaCmJjM/iYDrpAZMbGEMsXtrYSNqKLM2HRK/wuhdVr1atWzm1qlfrmIowgHcAjH4ME51OEaGtAEBkN4gCd4doTz6Lw4r/PWgrOY2YdvcN4+AfEmjZU=</latexit>

h⇥

<latexit sha1_base64="kDLIfbIgFlkkKZSb+OdFl1cmZaM=">AAAB73icjVDLSgNBEOyJrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZpMhs7PrTK8QlvyEFw+KePV3vPk3Th4HFQULGoqqbrq7wlRJi573QQpLyyura8X10sbm1vZOeXevaZPMcNHgiUpMO2RWKKlFAyUq0U6NYHGoRCscXU391r0wVib6FsepCGI20DKSnKGT2sNeF2UsbK9c8aveDPRvUoEF6r3ye7ef8CwWGrli1nZ8L8UgZwYlV2JS6mZWpIyP2EB0HNXMLQny2b0TeuSUPo0S40ojnalfJ3IWWzuOQ9cZMxzan95U/M3rZBhdBLnUaYZC8/miKFMUEzp9nvalERzV2BHGjXS3Uj5khnF0EZX+F0LzpOqfVs9uTiu1y0UcRTiAQzgGH86hBtdQhwZwUPAAT/BM7sgjeSGv89YCWczswzeQt0850pAa</latexit>

Consequence of “Transverse-Traceless” (TT) 
gauge & Riemann invariance at O(h)



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Simple decomposition into two polarisations

What?
h+

<latexit sha1_base64="ROZHUJMVKpRHlWzStwcJGRjcrsM=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBZBEEoiFT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kPKgo+GHi8N8PMvCARXBvX/XAKS8srq2vF9dLG5tb2Tnl3r6XjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMb9+j0jyWd2aSoB/RoeQhZ9RY6XbUP+mXK17VzUH+JhVYoNEvv/cGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/y0+dkiOrDEgYK1vSkFz9OpHRSOtJFNjOiJqR/unNxN+8bmrCCz/jMkkNSjZfFKaCmJjM/iYDrpAZMbGEMsXtrYSNqKLM2HRK/wuhdVr1atWzm1qlfrmIowgHcAjH4ME51OEaGtAEBkN4gCd4doTz6Lw4r/PWgrOY2YdvcN4+AfEmjZU=</latexit>

h⇥

<latexit sha1_base64="kDLIfbIgFlkkKZSb+OdFl1cmZaM=">AAAB73icjVDLSgNBEOyJrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZpMhs7PrTK8QlvyEFw+KePV3vPk3Th4HFQULGoqqbrq7wlRJi573QQpLyyura8X10sbm1vZOeXevaZPMcNHgiUpMO2RWKKlFAyUq0U6NYHGoRCscXU391r0wVib6FsepCGI20DKSnKGT2sNeF2UsbK9c8aveDPRvUoEF6r3ye7ef8CwWGrli1nZ8L8UgZwYlV2JS6mZWpIyP2EB0HNXMLQny2b0TeuSUPo0S40ojnalfJ3IWWzuOQ9cZMxzan95U/M3rZBhdBLnUaYZC8/miKFMUEzp9nvalERzV2BHGjXS3Uj5khnF0EZX+F0LzpOqfVs9uTiu1y0UcRTiAQzgGH86hBtdQhwZwUPAAT/BM7sgjeSGv89YCWczswzeQt0850pAa</latexit>

Consequence of “Transverse-Traceless” (TT) 
gauge & Riemann invariance at O(h)

Test masses coordinate distance unchanged



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Simple decomposition into two polarisations

What?
h+

<latexit sha1_base64="ROZHUJMVKpRHlWzStwcJGRjcrsM=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBZBEEoiFT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kPKgo+GHi8N8PMvCARXBvX/XAKS8srq2vF9dLG5tb2Tnl3r6XjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMb9+j0jyWd2aSoB/RoeQhZ9RY6XbUP+mXK17VzUH+JhVYoNEvv/cGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/y0+dkiOrDEgYK1vSkFz9OpHRSOtJFNjOiJqR/unNxN+8bmrCCz/jMkkNSjZfFKaCmJjM/iYDrpAZMbGEMsXtrYSNqKLM2HRK/wuhdVr1atWzm1qlfrmIowgHcAjH4ME51OEaGtAEBkN4gCd4doTz6Lw4r/PWgrOY2YdvcN4+AfEmjZU=</latexit>

h⇥

<latexit sha1_base64="kDLIfbIgFlkkKZSb+OdFl1cmZaM=">AAAB73icjVDLSgNBEOyJrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZpMhs7PrTK8QlvyEFw+KePV3vPk3Th4HFQULGoqqbrq7wlRJi573QQpLyyura8X10sbm1vZOeXevaZPMcNHgiUpMO2RWKKlFAyUq0U6NYHGoRCscXU391r0wVib6FsepCGI20DKSnKGT2sNeF2UsbK9c8aveDPRvUoEF6r3ye7ef8CwWGrli1nZ8L8UgZwYlV2JS6mZWpIyP2EB0HNXMLQny2b0TeuSUPo0S40ojnalfJ3IWWzuOQ9cZMxzan95U/M3rZBhdBLnUaYZC8/miKFMUEzp9nvalERzV2BHGjXS3Uj5khnF0EZX+F0LzpOqfVs9uTiu1y0UcRTiAQzgGH86hBtdQhwZwUPAAT/BM7sgjeSGv89YCWczswzeQt0850pAa</latexit>

Consequence of “Transverse-Traceless” (TT) 
gauge & Riemann invariance at O(h)

Test masses coordinate distance unchanged

Test masses proper distance changed



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Simple decomposition into two polarisations

What?
h+

<latexit sha1_base64="ROZHUJMVKpRHlWzStwcJGRjcrsM=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBZBEEoiFT0WvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kPKgo+GHi8N8PMvCARXBvX/XAKS8srq2vF9dLG5tb2Tnl3r6XjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8dXMb9+j0jyWd2aSoB/RoeQhZ9RY6XbUP+mXK17VzUH+JhVYoNEvv/cGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/y0+dkiOrDEgYK1vSkFz9OpHRSOtJFNjOiJqR/unNxN+8bmrCCz/jMkkNSjZfFKaCmJjM/iYDrpAZMbGEMsXtrYSNqKLM2HRK/wuhdVr1atWzm1qlfrmIowgHcAjH4ME51OEaGtAEBkN4gCd4doTz6Lw4r/PWgrOY2YdvcN4+AfEmjZU=</latexit>

h⇥

<latexit sha1_base64="kDLIfbIgFlkkKZSb+OdFl1cmZaM=">AAAB73icjVDLSgNBEOyJrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZpMhs7PrTK8QlvyEFw+KePV3vPk3Th4HFQULGoqqbrq7wlRJi573QQpLyyura8X10sbm1vZOeXevaZPMcNHgiUpMO2RWKKlFAyUq0U6NYHGoRCscXU391r0wVib6FsepCGI20DKSnKGT2sNeF2UsbK9c8aveDPRvUoEF6r3ye7ef8CwWGrli1nZ8L8UgZwYlV2JS6mZWpIyP2EB0HNXMLQny2b0TeuSUPo0S40ojnalfJ3IWWzuOQ9cZMxzan95U/M3rZBhdBLnUaYZC8/miKFMUEzp9nvalERzV2BHGjXS3Uj5khnF0EZX+F0LzpOqfVs9uTiu1y0UcRTiAQzgGH86hBtdQhwZwUPAAT/BM7sgjeSGv89YCWczswzeQt0850pAa</latexit>

Consequence of “Transverse-Traceless” (TT) 
gauge & Riemann invariance at O(h)

Test masses coordinate distance unchanged

Test masses proper distance changed

Here be dragons…



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Detection by Interferometers

What?

L

<latexit sha1_base64="nGHU+QIxTnSdJWgg0lOp8QwxMXk=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjx4SMA8IFnC7KQ3GTM7u8zMCmHJF3jxoIhXP8mbf+PkcVBRsKChqOqmuytIBNfGdT+c3Mrq2vpGfrOwtb2zu1fcP2jpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw189v3qDSP5a2ZJOhHdCh5yBk1Vmrc9Islr+zOQf4mJVii3i++9wYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrqaQRaj+bHzolJ1YZkDBWtqQhc/XrREYjrSdRYDsjakb6pzcTf/O6qQkv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsyn8L4TWWdmrlKuNSql2uYwjD0dwDKfgwTnU4Brq0AQGCA/wBM/OnfPovDivi9acs5w5hG9w3j4BqoaM2w==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Detection by Interferometers

What?

�L / h(t)

<latexit sha1_base64="sFH24tG3h+CewlgQM0PT0YAhRiI=">AAAB/nicjVDLSgNBEJz1GeNrVTx5GQxCvISNRPQY9OLBQwTzgOwSZmdnkyGzM8tMrxCWgL/ixYMiXv0Ob/6Nk8dBRcGChqKqm+6uMBXcgOd9OAuLS8srq4W14vrG5ta2u7PbMirTlDWpEkp3QmKY4JI1gYNgnVQzkoSCtcPh5cRv3zFtuJK3MEpZkJC+5DGnBKzUc/f9iAkg+Br7qVYpKDwow3HPLVUr3hT4b1JCczR67rsfKZolTAIVxJhu1UshyIkGTgUbF/3MsJTQIemzrqWSJMwE+fT8MT6ySoRjpW1JwFP160ROEmNGSWg7EwID89ObiL953Qzi8yDnMs2ASTpbFGcC2y8nWeCIa0ZBjCwhVHN7K6YDogkFm1jxfyG0TirVWuX0plaqX8zjKKADdIjKqIrOUB1doQZqIopy9ICe0LNz7zw6L87rrHXBmc/soW9w3j4B2omUxw==</latexit>

L

<latexit sha1_base64="nGHU+QIxTnSdJWgg0lOp8QwxMXk=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjx4SMA8IFnC7KQ3GTM7u8zMCmHJF3jxoIhXP8mbf+PkcVBRsKChqOqmuytIBNfGdT+c3Mrq2vpGfrOwtb2zu1fcP2jpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw189v3qDSP5a2ZJOhHdCh5yBk1Vmrc9Islr+zOQf4mJVii3i++9wYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrqaQRaj+bHzolJ1YZkDBWtqQhc/XrREYjrSdRYDsjakb6pzcTf/O6qQkv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsyn8L4TWWdmrlKuNSql2uYwjD0dwDKfgwTnU4Brq0AQGCA/wBM/OnfPovDivi9acs5w5hG9w3j4BqoaM2w==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Detection by Interferometers

What?

�L / h(t)

<latexit sha1_base64="sFH24tG3h+CewlgQM0PT0YAhRiI=">AAAB/nicjVDLSgNBEJz1GeNrVTx5GQxCvISNRPQY9OLBQwTzgOwSZmdnkyGzM8tMrxCWgL/ixYMiXv0Ob/6Nk8dBRcGChqKqm+6uMBXcgOd9OAuLS8srq4W14vrG5ta2u7PbMirTlDWpEkp3QmKY4JI1gYNgnVQzkoSCtcPh5cRv3zFtuJK3MEpZkJC+5DGnBKzUc/f9iAkg+Br7qVYpKDwow3HPLVUr3hT4b1JCczR67rsfKZolTAIVxJhu1UshyIkGTgUbF/3MsJTQIemzrqWSJMwE+fT8MT6ySoRjpW1JwFP160ROEmNGSWg7EwID89ObiL953Qzi8yDnMs2ASTpbFGcC2y8nWeCIa0ZBjCwhVHN7K6YDogkFm1jxfyG0TirVWuX0plaqX8zjKKADdIjKqIrOUB1doQZqIopy9ICe0LNz7zw6L87rrHXBmc/soW9w3j4B2omUxw==</latexit>

L

<latexit sha1_base64="nGHU+QIxTnSdJWgg0lOp8QwxMXk=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjx4SMA8IFnC7KQ3GTM7u8zMCmHJF3jxoIhXP8mbf+PkcVBRsKChqOqmuytIBNfGdT+c3Mrq2vpGfrOwtb2zu1fcP2jpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw189v3qDSP5a2ZJOhHdCh5yBk1Vmrc9Islr+zOQf4mJVii3i++9wYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrqaQRaj+bHzolJ1YZkDBWtqQhc/XrREYjrSdRYDsjakb6pzcTf/O6qQkv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsyn8L4TWWdmrlKuNSql2uYwjD0dwDKfgwTnU4Brq0AQGCA/wBM/OnfPovDivi9acs5w5hG9w3j4BqoaM2w==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Detection by Interferometers

What?

�L / h(t)

<latexit sha1_base64="sFH24tG3h+CewlgQM0PT0YAhRiI=">AAAB/nicjVDLSgNBEJz1GeNrVTx5GQxCvISNRPQY9OLBQwTzgOwSZmdnkyGzM8tMrxCWgL/ixYMiXv0Ob/6Nk8dBRcGChqKqm+6uMBXcgOd9OAuLS8srq4W14vrG5ta2u7PbMirTlDWpEkp3QmKY4JI1gYNgnVQzkoSCtcPh5cRv3zFtuJK3MEpZkJC+5DGnBKzUc/f9iAkg+Br7qVYpKDwow3HPLVUr3hT4b1JCczR67rsfKZolTAIVxJhu1UshyIkGTgUbF/3MsJTQIemzrqWSJMwE+fT8MT6ySoRjpW1JwFP160ROEmNGSWg7EwID89ObiL953Qzi8yDnMs2ASTpbFGcC2y8nWeCIa0ZBjCwhVHN7K6YDogkFm1jxfyG0TirVWuX0plaqX8zjKKADdIjKqIrOUB1doQZqIopy9ICe0LNz7zw6L87rrHXBmc/soW9w3j4B2omUxw==</latexit>

L

<latexit sha1_base64="nGHU+QIxTnSdJWgg0lOp8QwxMXk=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjx4SMA8IFnC7KQ3GTM7u8zMCmHJF3jxoIhXP8mbf+PkcVBRsKChqOqmuytIBNfGdT+c3Mrq2vpGfrOwtb2zu1fcP2jpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw189v3qDSP5a2ZJOhHdCh5yBk1Vmrc9Islr+zOQf4mJVii3i++9wYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrqaQRaj+bHzolJ1YZkDBWtqQhc/XrREYjrSdRYDsjakb6pzcTf/O6qQkv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsyn8L4TWWdmrlKuNSql2uYwjD0dwDKfgwTnU4Brq0AQGCA/wBM/OnfPovDivi9acs5w5hG9w3j4BqoaM2w==</latexit>

Proper distances between mirrors in LIGO 
changed by passing GW



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Detection by Interferometers

What?

�L / h(t)

<latexit sha1_base64="sFH24tG3h+CewlgQM0PT0YAhRiI=">AAAB/nicjVDLSgNBEJz1GeNrVTx5GQxCvISNRPQY9OLBQwTzgOwSZmdnkyGzM8tMrxCWgL/ixYMiXv0Ob/6Nk8dBRcGChqKqm+6uMBXcgOd9OAuLS8srq4W14vrG5ta2u7PbMirTlDWpEkp3QmKY4JI1gYNgnVQzkoSCtcPh5cRv3zFtuJK3MEpZkJC+5DGnBKzUc/f9iAkg+Br7qVYpKDwow3HPLVUr3hT4b1JCczR67rsfKZolTAIVxJhu1UshyIkGTgUbF/3MsJTQIemzrqWSJMwE+fT8MT6ySoRjpW1JwFP160ROEmNGSWg7EwID89ObiL953Qzi8yDnMs2ASTpbFGcC2y8nWeCIa0ZBjCwhVHN7K6YDogkFm1jxfyG0TirVWuX0plaqX8zjKKADdIjKqIrOUB1doQZqIopy9ICe0LNz7zw6L87rrHXBmc/soW9w3j4B2omUxw==</latexit>

L

<latexit sha1_base64="nGHU+QIxTnSdJWgg0lOp8QwxMXk=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjx4SMA8IFnC7KQ3GTM7u8zMCmHJF3jxoIhXP8mbf+PkcVBRsKChqOqmuytIBNfGdT+c3Mrq2vpGfrOwtb2zu1fcP2jpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw189v3qDSP5a2ZJOhHdCh5yBk1Vmrc9Islr+zOQf4mJVii3i++9wYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrqaQRaj+bHzolJ1YZkDBWtqQhc/XrREYjrSdRYDsjakb6pzcTf/O6qQkv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsyn8L4TWWdmrlKuNSql2uYwjD0dwDKfgwTnU4Brq0AQGCA/wBM/OnfPovDivi9acs5w5hG9w3j4BqoaM2w==</latexit>

Proper distances between mirrors in LIGO 
changed by passing GW

Sensitivity of aLIGO/VIRGO is h ⇠ 10�21

<latexit sha1_base64="tsUXxHaliZO0mSI2DRFHQC7339g=">AAAB+HicjVDLSgMxFL1TX7U+OurSTbAIbiwzpUWXRTcuK9gHtGPJpJk2NMkMSUaoQ7/EjQtF3Pop7vwb08dCRcEDFw7n3Ms9nDDhTBvP+3ByK6tr6xv5zcLW9s5u0d3bb+k4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdji9nfvuOKs1ieWMmCQ0EHkoWMYKNlfpucYR6mgnke7fZacWf9t2SX/bmQH+TEizR6LvvvUFMUkGlIRxr3fW9xAQZVoYRTqeFXqppgskYD2nXUokF1UE2Dz5Fx1YZoChWdqRBc/XrRYaF1hMR2k2BzUj/9Gbib143NdF5kDGZpIZKsngUpRyZGM1aQAOmKDF8YgkmitmsiIywwsTYrgr/K6FVKfvVcu26WqpfLOvIwyEcwQn4cAZ1uIIGNIFACg/wBM/OvfPovDivi9Wcs7w5gG9w3j4BxeWR4A==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023
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Detection by Interferometers

What?

�L / h(t)

<latexit sha1_base64="sFH24tG3h+CewlgQM0PT0YAhRiI=">AAAB/nicjVDLSgNBEJz1GeNrVTx5GQxCvISNRPQY9OLBQwTzgOwSZmdnkyGzM8tMrxCWgL/ixYMiXv0Ob/6Nk8dBRcGChqKqm+6uMBXcgOd9OAuLS8srq4W14vrG5ta2u7PbMirTlDWpEkp3QmKY4JI1gYNgnVQzkoSCtcPh5cRv3zFtuJK3MEpZkJC+5DGnBKzUc/f9iAkg+Br7qVYpKDwow3HPLVUr3hT4b1JCczR67rsfKZolTAIVxJhu1UshyIkGTgUbF/3MsJTQIemzrqWSJMwE+fT8MT6ySoRjpW1JwFP160ROEmNGSWg7EwID89ObiL953Qzi8yDnMs2ASTpbFGcC2y8nWeCIa0ZBjCwhVHN7K6YDogkFm1jxfyG0TirVWuX0plaqX8zjKKADdIjKqIrOUB1doQZqIopy9ICe0LNz7zw6L87rrHXBmc/soW9w3j4B2omUxw==</latexit>

L

<latexit sha1_base64="nGHU+QIxTnSdJWgg0lOp8QwxMXk=">AAAB6HicjVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXjx4SMA8IFnC7KQ3GTM7u8zMCmHJF3jxoIhXP8mbf+PkcVBRsKChqOqmuytIBNfGdT+c3Mrq2vpGfrOwtb2zu1fcP2jpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw189v3qDSP5a2ZJOhHdCh5yBk1Vmrc9Islr+zOQf4mJVii3i++9wYxSyOUhgmqdddzE+NnVBnOBE4LvVRjQtmYDrFrqaQRaj+bHzolJ1YZkDBWtqQhc/XrREYjrSdRYDsjakb6pzcTf/O6qQkv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsyn8L4TWWdmrlKuNSql2uYwjD0dwDKfgwTnU4Brq0AQGCA/wBM/OnfPovDivi9acs5w5hG9w3j4BqoaM2w==</latexit>

Proper distances between mirrors in LIGO 
changed by passing GW

Sensitivity of aLIGO/VIRGO is h ⇠ 10�21

<latexit sha1_base64="tsUXxHaliZO0mSI2DRFHQC7339g=">AAAB+HicjVDLSgMxFL1TX7U+OurSTbAIbiwzpUWXRTcuK9gHtGPJpJk2NMkMSUaoQ7/EjQtF3Pop7vwb08dCRcEDFw7n3Ms9nDDhTBvP+3ByK6tr6xv5zcLW9s5u0d3bb+k4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdji9nfvuOKs1ieWMmCQ0EHkoWMYKNlfpucYR6mgnke7fZacWf9t2SX/bmQH+TEizR6LvvvUFMUkGlIRxr3fW9xAQZVoYRTqeFXqppgskYD2nXUokF1UE2Dz5Fx1YZoChWdqRBc/XrRYaF1hMR2k2BzUj/9Gbib143NdF5kDGZpIZKsngUpRyZGM1aQAOmKDF8YgkmitmsiIywwsTYrgr/K6FVKfvVcu26WqpfLOvIwyEcwQn4cAZ1uIIGNIFACg/wBM/OvfPovDivi9Wcs7w5gG9w3j4BxeWR4A==</latexit>
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Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves

Why?

So far, mostly telling us about General Relativity

BUT, possible window into universe pre-CMB/BBN

� log10 z

<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>
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tio
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Gravitational Waves

Why?

So far, mostly telling us about General Relativity

BUT, possible window into universe pre-CMB/BBN

0

<latexit sha1_base64="A6NN8dLeZ4tyFLCHe4UhhaqqfQQ=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GTduDioIPBh7vzTAzL0gE18Z1P5zCyura+kZxs7S1vbO7V94/aOs4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcp37nXtUmsfy1kwT9CM6kjzkjBorNd1BueJV3TnI36QCSzQG5ff+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ/NDZ+TEKkMSxsqWNGSufp3IaKT1NApsZ0TNWP/0cvE3r5ea8NLPuExSg5ItFoWpICYm+ddkyBUyI6aWUKa4vZWwMVWUGZtN6X8htM+qXq163qxV6lfLOIpwBMdwCh5cQB1uoAEtYIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4AWjL8=</latexit>

� log10 z

<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>

In
fla

tio
n
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Gravitational Waves

Why?

So far, mostly telling us about General Relativity

BUT, possible window into universe pre-CMB/BBN

0

<latexit sha1_base64="A6NN8dLeZ4tyFLCHe4UhhaqqfQQ=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GTduDioIPBh7vzTAzL0gE18Z1P5zCyura+kZxs7S1vbO7V94/aOs4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcp37nXtUmsfy1kwT9CM6kjzkjBorNd1BueJV3TnI36QCSzQG5ff+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ/NDZ+TEKkMSxsqWNGSufp3IaKT1NApsZ0TNWP/0cvE3r5ea8NLPuExSg5ItFoWpICYm+ddkyBUyI6aWUKa4vZWwMVWUGZtN6X8htM+qXq163qxV6lfLOIpwBMdwCh5cQB1uoAEtYIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4AWjL8=</latexit>

� log10 z

<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>

In
fla

tio
n

⇠ �3

<latexit sha1_base64="ACxFmKnpFkmoBxFNLR2M06ITs0k=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgxbDRiB6DXjxGMA9IljA76U2GzMwuM7NCWPIRXjwo4tXv8ebfOHkcVBQsaCiquunuChPBjfX9Dy+3tLyyupZfL2xsbm3vFHf3miZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOrqd+6x614bG6s+MEA0kHikecUeukVtdwSU7OesVSpezPQP4mJVig3iu+d/sxSyUqywQ1plPxExtkVFvOBE4K3dRgQtmIDrDjqKISTZDNzp2QI6f0SRRrV8qSmfp1IqPSmLEMXaekdmh+elPxN6+T2ugyyLhKUouKzRdFqSA2JtPfSZ9rZFaMHaFMc3crYUOqKbMuocL/QmielivV8vlttVS7WsSRhwM4hGOowAXU4Abq0AAGI3iAJ3j2Eu/Re/Fe5605bzGzD9/gvX0CXNuO8A==</latexit>

�

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

C
M
B

<latexit sha1_base64="DaBmVGRW/CSFiKTqULDlxPZXOog=">AAAB8XicjVDLSgNBEJyNrxhfUY9eBoPgKeyKoseQXLwIEcwDkyXMTnqTIbOzy0yvGJb8hRcPinj1b7z5N04eBxUFCxqKqm66u4JECoOu++HklpZXVtfy64WNza3tneLuXtPEqebQ4LGMdTtgBqRQ0ECBEtqJBhYFElrBqDb1W3egjYjVDY4T8CM2UCIUnKGVbrsI95jVrqqTXrHkld0Z6N+kRBao94rv3X7M0wgUcsmM6Xhugn7GNAouYVLopgYSxkdsAB1LFYvA+Nns4gk9skqfhrG2pZDO1K8TGYuMGUeB7YwYDs1Pbyr+5nVSDC/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakwv9CaJ6UvdPy2fVpqVJdxJEnB+SQHBOPnJMKuSR10iCcKPJAnsizY5xH58V5nbfmnMXMPvkG5+0ThnuQ1A==</latexit>
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Gravitational Waves

Why?

So far, mostly telling us about General Relativity

BUT, possible window into universe pre-CMB/BBN

0

<latexit sha1_base64="A6NN8dLeZ4tyFLCHe4UhhaqqfQQ=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GTduDioIPBh7vzTAzL0gE18Z1P5zCyura+kZxs7S1vbO7V94/aOs4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcp37nXtUmsfy1kwT9CM6kjzkjBorNd1BueJV3TnI36QCSzQG5ff+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ/NDZ+TEKkMSxsqWNGSufp3IaKT1NApsZ0TNWP/0cvE3r5ea8NLPuExSg5ItFoWpICYm+ddkyBUyI6aWUKa4vZWwMVWUGZtN6X8htM+qXq163qxV6lfLOIpwBMdwCh5cQB1uoAEtYIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4AWjL8=</latexit>

� log10 z

<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>

In
fla

tio
n

⇠ �10

<latexit sha1_base64="3FFx/JIp1vV42AITMU185a31bzs=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgxbArET0GvXiMYB6QLGF2MkmGzMyuM71CWPITXjwo4tXf8ebfOHkcVBQsaCiquunuihIpLPr+h5dbWl5ZXcuvFzY2t7Z3irt7DRunhvE6i2VsWhG1XArN6yhQ8lZiOFWR5M1odDX1m/fcWBHrWxwnPFR0oEVfMIpOanWsUOQk8LvFUlD2ZyB/kxIsUOsW3zu9mKWKa2SSWtsO/ATDjBoUTPJJoZNanlA2ogPedlRTxW2Yze6dkCOn9Eg/Nq40kpn6dSKjytqxilynoji0P72p+JvXTrF/EWZCJylyzeaL+qkkGJPp86QnDGcox45QZoS7lbAhNZShi6jwvxAap+WgUj67qZSql4s48nAAh3AMAZxDFa6hBnVgIOEBnuDZu/MevRfvdd6a8xYz+/AN3tsnyaaPKA==</latexit>

⌫
d
ec
ou

p
li
n
g

<latexit sha1_base64="FsJtCAZPM94hrMBiQufN3zkPnEs=">AAAB/3icjVDLSgNBEJyNrxhfq4IXL4NB8BQ2EtFj0IvHCOYBSQizk04yZHZ2mekRw5qDv+LFgyJe/Q1v/o2Tx0FFwYKGoqqbaipMpDAYBB9eZmFxaXklu5pbW9/Y3PK3d2omtppDlccy1o2QGZBCQRUFSmgkGlgUSqiHw4uJX78BbUSsrnGUQDtifSV6gjN0UsffaylLWwi3mNIu8Ni6UNUfd/x8sRBMQf8meTJHpeO/t7oxtxEo5JIZ0ywGCbZTplFwCeNcyxpIGB+yPjQdVSwC006n/4/poVO6tBdrNwrpVP16kbLImFEUus2I4cD89Cbib17TYu+snQqVWATFZ0E9KynGdFIG7QoNHOXIEca1cL9SPmCacXSV5f5XQu24UCwVTq5K+fL5vI4s2ScH5IgUySkpk0tSIVXCyR15IE/k2bv3Hr0X73W2mvHmN7vkG7y3T1fnllQ=</latexit>

 s⌫

<latexit sha1_base64="9Yk4HYf9eQ+LiU3ByZ2M36AClF4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNCWtuQS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdueTPvFEna9su9jjLBbq9V8v7okuOIjz8ULlGCFRr/43hvENI2YNFQQrbseTkyQEWU4FWxW6KWaJYROyIh1LZUkYjrIFqfO0JlVBmgYK1vSoIX6fSIjkdbTKLSdETFj/dubi3953dQML4KMyyQ1TNLlomEqkInR/G804IpRI6aWEKq4vRXRMVGEGptOwYbw9Sn6n7TKrldxqzeVUv1yFUceTuAUzsEDH+pwDQ1oAoURPMATPDvCeXRenNdla85ZzRzDDzhvn/MPjkQ=</latexit>

⇠ �3

<latexit sha1_base64="ACxFmKnpFkmoBxFNLR2M06ITs0k=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgxbDRiB6DXjxGMA9IljA76U2GzMwuM7NCWPIRXjwo4tXv8ebfOHkcVBQsaCiquunuChPBjfX9Dy+3tLyyupZfL2xsbm3vFHf3miZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOrqd+6x614bG6s+MEA0kHikecUeukVtdwSU7OesVSpezPQP4mJVig3iu+d/sxSyUqywQ1plPxExtkVFvOBE4K3dRgQtmIDrDjqKISTZDNzp2QI6f0SRRrV8qSmfp1IqPSmLEMXaekdmh+elPxN6+T2ugyyLhKUouKzRdFqSA2JtPfSZ9rZFaMHaFMc3crYUOqKbMuocL/QmielivV8vlttVS7WsSRhwM4hGOowAXU4Abq0AAGI3iAJ3j2Eu/Re/Fe5605bzGzD9/gvX0CXNuO8A==</latexit>

�

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

C
M
B

<latexit sha1_base64="DaBmVGRW/CSFiKTqULDlxPZXOog=">AAAB8XicjVDLSgNBEJyNrxhfUY9eBoPgKeyKoseQXLwIEcwDkyXMTnqTIbOzy0yvGJb8hRcPinj1b7z5N04eBxUFCxqKqm66u4JECoOu++HklpZXVtfy64WNza3tneLuXtPEqebQ4LGMdTtgBqRQ0ECBEtqJBhYFElrBqDb1W3egjYjVDY4T8CM2UCIUnKGVbrsI95jVrqqTXrHkld0Z6N+kRBao94rv3X7M0wgUcsmM6Xhugn7GNAouYVLopgYSxkdsAB1LFYvA+Nns4gk9skqfhrG2pZDO1K8TGYuMGUeB7YwYDs1Pbyr+5nVSDC/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakwv9CaJ6UvdPy2fVpqVJdxJEnB+SQHBOPnJMKuSR10iCcKPJAnsizY5xH58V5nbfmnMXMPvkG5+0ThnuQ1A==</latexit>
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Gravitational Waves

Why?

So far, mostly telling us about General Relativity

BUT, possible window into universe pre-CMB/BBN

0

<latexit sha1_base64="A6NN8dLeZ4tyFLCHe4UhhaqqfQQ=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GTduDioIPBh7vzTAzL0gE18Z1P5zCyura+kZxs7S1vbO7V94/aOs4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcp37nXtUmsfy1kwT9CM6kjzkjBorNd1BueJV3TnI36QCSzQG5ff+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ/NDZ+TEKkMSxsqWNGSufp3IaKT1NApsZ0TNWP/0cvE3r5ea8NLPuExSg5ItFoWpICYm+ddkyBUyI6aWUKa4vZWwMVWUGZtN6X8htM+qXq163qxV6lfLOIpwBMdwCh5cQB1uoAEtYIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4AWjL8=</latexit>

� log10 z

<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>

In
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n

⇠ �10

<latexit sha1_base64="3FFx/JIp1vV42AITMU185a31bzs=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgxbArET0GvXiMYB6QLGF2MkmGzMyuM71CWPITXjwo4tXf8ebfOHkcVBQsaCiquunuihIpLPr+h5dbWl5ZXcuvFzY2t7Z3irt7DRunhvE6i2VsWhG1XArN6yhQ8lZiOFWR5M1odDX1m/fcWBHrWxwnPFR0oEVfMIpOanWsUOQk8LvFUlD2ZyB/kxIsUOsW3zu9mKWKa2SSWtsO/ATDjBoUTPJJoZNanlA2ogPedlRTxW2Yze6dkCOn9Eg/Nq40kpn6dSKjytqxilynoji0P72p+JvXTrF/EWZCJylyzeaL+qkkGJPp86QnDGcox45QZoS7lbAhNZShi6jwvxAap+WgUj67qZSql4s48nAAh3AMAZxDFa6hBnVgIOEBnuDZu/MevRfvdd6a8xYz+/AN3tsnyaaPKA==</latexit>

⌫
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ou
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n
g

<latexit sha1_base64="FsJtCAZPM94hrMBiQufN3zkPnEs=">AAAB/3icjVDLSgNBEJyNrxhfq4IXL4NB8BQ2EtFj0IvHCOYBSQizk04yZHZ2mekRw5qDv+LFgyJe/Q1v/o2Tx0FFwYKGoqqbaipMpDAYBB9eZmFxaXklu5pbW9/Y3PK3d2omtppDlccy1o2QGZBCQRUFSmgkGlgUSqiHw4uJX78BbUSsrnGUQDtifSV6gjN0UsffaylLWwi3mNIu8Ni6UNUfd/x8sRBMQf8meTJHpeO/t7oxtxEo5JIZ0ywGCbZTplFwCeNcyxpIGB+yPjQdVSwC006n/4/poVO6tBdrNwrpVP16kbLImFEUus2I4cD89Cbib17TYu+snQqVWATFZ0E9KynGdFIG7QoNHOXIEca1cL9SPmCacXSV5f5XQu24UCwVTq5K+fL5vI4s2ScH5IgUySkpk0tSIVXCyR15IE/k2bv3Hr0X73W2mvHmN7vkG7y3T1fnllQ=</latexit>

 s⌫

<latexit sha1_base64="9Yk4HYf9eQ+LiU3ByZ2M36AClF4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNCWtuQS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdueTPvFEna9su9jjLBbq9V8v7okuOIjz8ULlGCFRr/43hvENI2YNFQQrbseTkyQEWU4FWxW6KWaJYROyIh1LZUkYjrIFqfO0JlVBmgYK1vSoIX6fSIjkdbTKLSdETFj/dubi3953dQML4KMyyQ1TNLlomEqkInR/G804IpRI6aWEKq4vRXRMVGEGptOwYbw9Sn6n7TKrldxqzeVUv1yFUceTuAUzsEDH+pwDQ1oAoURPMATPDvCeXRenNdla85ZzRzDDzhvn/MPjkQ=</latexit>

⇠ �3

<latexit sha1_base64="ACxFmKnpFkmoBxFNLR2M06ITs0k=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgxbDRiB6DXjxGMA9IljA76U2GzMwuM7NCWPIRXjwo4tXv8ebfOHkcVBQsaCiquunuChPBjfX9Dy+3tLyyupZfL2xsbm3vFHf3miZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOrqd+6x614bG6s+MEA0kHikecUeukVtdwSU7OesVSpezPQP4mJVig3iu+d/sxSyUqywQ1plPxExtkVFvOBE4K3dRgQtmIDrDjqKISTZDNzp2QI6f0SRRrV8qSmfp1IqPSmLEMXaekdmh+elPxN6+T2ugyyLhKUouKzRdFqSA2JtPfSZ9rZFaMHaFMc3crYUOqKbMuocL/QmielivV8vlttVS7WsSRhwM4hGOowAXU4Abq0AAGI3iAJ3j2Eu/Re/Fe5605bzGzD9/gvX0CXNuO8A==</latexit>

�

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

C
M
B

<latexit sha1_base64="DaBmVGRW/CSFiKTqULDlxPZXOog=">AAAB8XicjVDLSgNBEJyNrxhfUY9eBoPgKeyKoseQXLwIEcwDkyXMTnqTIbOzy0yvGJb8hRcPinj1b7z5N04eBxUFCxqKqm66u4JECoOu++HklpZXVtfy64WNza3tneLuXtPEqebQ4LGMdTtgBqRQ0ECBEtqJBhYFElrBqDb1W3egjYjVDY4T8CM2UCIUnKGVbrsI95jVrqqTXrHkld0Z6N+kRBao94rv3X7M0wgUcsmM6Xhugn7GNAouYVLopgYSxkdsAB1LFYvA+Nns4gk9skqfhrG2pZDO1K8TGYuMGUeB7YwYDs1Pbyr+5nVSDC/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakwv9CaJ6UvdPy2fVpqVJdxJEnB+SQHBOPnJMKuSR10iCcKPJAnsizY5xH58V5nbfmnMXMPvkG5+0ThnuQ1A==</latexit>

GWs

⇠ �27

<latexit sha1_base64="E4ickKUOzsLUx8X++i2RzjGnLL0=">AAAB73icjVDJSgNBEK2JW4xb1KOXxiB4McyESDwGvXiMYBZIhtDT6Uma9DJ29whhyE948aCIV3/Hm39jZzmoKPig4PFeFVX1ooQzY33/w8utrK6tb+Q3C1vbO7t7xf2DllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsaX8389j3Vhil5aycJDQUeShYzgq2TOj3DBDqr1PrFUlD250B/kxIs0egX33sDRVJBpSUcG9MN/MSGGdaWEU6nhV5qaILJGA9p11GJBTVhNr93ik6cMkCx0q6kRXP160SGhTETEblOge3I/PRm4m9eN7XxRZgxmaSWSrJYFKccWYVmz6MB05RYPnEEE83crYiMsMbEuogK/wuhVSkH1fL5TbVUv1zGkYcjOIZTCKAGdbiGBjSBAIcHeIJn78579F6810VrzlvOHMI3eG+f1cePMA==</latexit>
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Gravitational Waves

Why?

So far, mostly telling us about General Relativity

BUT, possible window into universe pre-CMB/BBN

0

<latexit sha1_base64="A6NN8dLeZ4tyFLCHe4UhhaqqfQQ=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GTduDioIPBh7vzTAzL0gE18Z1P5zCyura+kZxs7S1vbO7V94/aOs4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcp37nXtUmsfy1kwT9CM6kjzkjBorNd1BueJV3TnI36QCSzQG5ff+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ/NDZ+TEKkMSxsqWNGSufp3IaKT1NApsZ0TNWP/0cvE3r5ea8NLPuExSg5ItFoWpICYm+ddkyBUyI6aWUKa4vZWwMVWUGZtN6X8htM+qXq163qxV6lfLOIpwBMdwCh5cQB1uoAEtYIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4AWjL8=</latexit>

� log10 z

<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>

In
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n

⇠ �10

<latexit sha1_base64="3FFx/JIp1vV42AITMU185a31bzs=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgxbArET0GvXiMYB6QLGF2MkmGzMyuM71CWPITXjwo4tXf8ebfOHkcVBQsaCiquunuihIpLPr+h5dbWl5ZXcuvFzY2t7Z3irt7DRunhvE6i2VsWhG1XArN6yhQ8lZiOFWR5M1odDX1m/fcWBHrWxwnPFR0oEVfMIpOanWsUOQk8LvFUlD2ZyB/kxIsUOsW3zu9mKWKa2SSWtsO/ATDjBoUTPJJoZNanlA2ogPedlRTxW2Yze6dkCOn9Eg/Nq40kpn6dSKjytqxilynoji0P72p+JvXTrF/EWZCJylyzeaL+qkkGJPp86QnDGcox45QZoS7lbAhNZShi6jwvxAap+WgUj67qZSql4s48nAAh3AMAZxDFa6hBnVgIOEBnuDZu/MevRfvdd6a8xYz+/AN3tsnyaaPKA==</latexit>

⌫
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g

<latexit sha1_base64="FsJtCAZPM94hrMBiQufN3zkPnEs=">AAAB/3icjVDLSgNBEJyNrxhfq4IXL4NB8BQ2EtFj0IvHCOYBSQizk04yZHZ2mekRw5qDv+LFgyJe/Q1v/o2Tx0FFwYKGoqqbaipMpDAYBB9eZmFxaXklu5pbW9/Y3PK3d2omtppDlccy1o2QGZBCQRUFSmgkGlgUSqiHw4uJX78BbUSsrnGUQDtifSV6gjN0UsffaylLWwi3mNIu8Ni6UNUfd/x8sRBMQf8meTJHpeO/t7oxtxEo5JIZ0ywGCbZTplFwCeNcyxpIGB+yPjQdVSwC006n/4/poVO6tBdrNwrpVP16kbLImFEUus2I4cD89Cbib17TYu+snQqVWATFZ0E9KynGdFIG7QoNHOXIEca1cL9SPmCacXSV5f5XQu24UCwVTq5K+fL5vI4s2ScH5IgUySkpk0tSIVXCyR15IE/k2bv3Hr0X73W2mvHmN7vkG7y3T1fnllQ=</latexit>

 s⌫

<latexit sha1_base64="9Yk4HYf9eQ+LiU3ByZ2M36AClF4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNCWtuQS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdueTPvFEna9su9jjLBbq9V8v7okuOIjz8ULlGCFRr/43hvENI2YNFQQrbseTkyQEWU4FWxW6KWaJYROyIh1LZUkYjrIFqfO0JlVBmgYK1vSoIX6fSIjkdbTKLSdETFj/dubi3953dQML4KMyyQ1TNLlomEqkInR/G804IpRI6aWEKq4vRXRMVGEGptOwYbw9Sn6n7TKrldxqzeVUv1yFUceTuAUzsEDH+pwDQ1oAoURPMATPDvCeXRenNdla85ZzRzDDzhvn/MPjkQ=</latexit>

⇠ �3

<latexit sha1_base64="ACxFmKnpFkmoBxFNLR2M06ITs0k=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgxbDRiB6DXjxGMA9IljA76U2GzMwuM7NCWPIRXjwo4tXv8ebfOHkcVBQsaCiquunuChPBjfX9Dy+3tLyyupZfL2xsbm3vFHf3miZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOrqd+6x614bG6s+MEA0kHikecUeukVtdwSU7OesVSpezPQP4mJVig3iu+d/sxSyUqywQ1plPxExtkVFvOBE4K3dRgQtmIDrDjqKISTZDNzp2QI6f0SRRrV8qSmfp1IqPSmLEMXaekdmh+elPxN6+T2ugyyLhKUouKzRdFqSA2JtPfSZ9rZFaMHaFMc3crYUOqKbMuocL/QmielivV8vlttVS7WsSRhwM4hGOowAXU4Abq0AAGI3iAJ3j2Eu/Re/Fe5605bzGzD9/gvX0CXNuO8A==</latexit>

�

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

C
M
B

<latexit sha1_base64="DaBmVGRW/CSFiKTqULDlxPZXOog=">AAAB8XicjVDLSgNBEJyNrxhfUY9eBoPgKeyKoseQXLwIEcwDkyXMTnqTIbOzy0yvGJb8hRcPinj1b7z5N04eBxUFCxqKqm66u4JECoOu++HklpZXVtfy64WNza3tneLuXtPEqebQ4LGMdTtgBqRQ0ECBEtqJBhYFElrBqDb1W3egjYjVDY4T8CM2UCIUnKGVbrsI95jVrqqTXrHkld0Z6N+kRBao94rv3X7M0wgUcsmM6Xhugn7GNAouYVLopgYSxkdsAB1LFYvA+Nns4gk9skqfhrG2pZDO1K8TGYuMGUeB7YwYDs1Pbyr+5nVSDC/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakwv9CaJ6UvdPy2fVpqVJdxJEnB+SQHBOPnJMKuSR10iCcKPJAnsizY5xH58V5nbfmnMXMPvkG5+0ThnuQ1A==</latexit>

GWs

⇠ �27

<latexit sha1_base64="E4ickKUOzsLUx8X++i2RzjGnLL0=">AAAB73icjVDJSgNBEK2JW4xb1KOXxiB4McyESDwGvXiMYBZIhtDT6Uma9DJ29whhyE948aCIV3/Hm39jZzmoKPig4PFeFVX1ooQzY33/w8utrK6tb+Q3C1vbO7t7xf2DllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsaX8389j3Vhil5aycJDQUeShYzgq2TOj3DBDqr1PrFUlD250B/kxIs0egX33sDRVJBpSUcG9MN/MSGGdaWEU6nhV5qaILJGA9p11GJBTVhNr93ik6cMkCx0q6kRXP160SGhTETEblOge3I/PRm4m9eN7XxRZgxmaSWSrJYFKccWYVmz6MB05RYPnEEE83crYiMsMbEuogK/wuhVSkH1fL5TbVUv1zGkYcjOIZTCKAGdbiGBjSBAIcHeIJn78579F6810VrzlvOHMI3eG+f1cePMA==</latexit>
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Gravitational Waves

Why?

So far, mostly telling us about General Relativity

BUT, possible window into universe pre-CMB/BBN

SARE, Ipek, White (2019) 

0

<latexit sha1_base64="A6NN8dLeZ4tyFLCHe4UhhaqqfQQ=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GTduDioIPBh7vzTAzL0gE18Z1P5zCyura+kZxs7S1vbO7V94/aOs4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcp37nXtUmsfy1kwT9CM6kjzkjBorNd1BueJV3TnI36QCSzQG5ff+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ/NDZ+TEKkMSxsqWNGSufp3IaKT1NApsZ0TNWP/0cvE3r5ea8NLPuExSg5ItFoWpICYm+ddkyBUyI6aWUKa4vZWwMVWUGZtN6X8htM+qXq163qxV6lfLOIpwBMdwCh5cQB1uoAEtYIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4AWjL8=</latexit>

� log10 z

<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>

In
fla

tio
n

⇠ �10

<latexit sha1_base64="3FFx/JIp1vV42AITMU185a31bzs=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgxbArET0GvXiMYB6QLGF2MkmGzMyuM71CWPITXjwo4tXf8ebfOHkcVBQsaCiquunuihIpLPr+h5dbWl5ZXcuvFzY2t7Z3irt7DRunhvE6i2VsWhG1XArN6yhQ8lZiOFWR5M1odDX1m/fcWBHrWxwnPFR0oEVfMIpOanWsUOQk8LvFUlD2ZyB/kxIsUOsW3zu9mKWKa2SSWtsO/ATDjBoUTPJJoZNanlA2ogPedlRTxW2Yze6dkCOn9Eg/Nq40kpn6dSKjytqxilynoji0P72p+JvXTrF/EWZCJylyzeaL+qkkGJPp86QnDGcox45QZoS7lbAhNZShi6jwvxAap+WgUj67qZSql4s48nAAh3AMAZxDFa6hBnVgIOEBnuDZu/MevRfvdd6a8xYz+/AN3tsnyaaPKA==</latexit>

⌫
d
ec
ou

p
li
n
g

<latexit sha1_base64="FsJtCAZPM94hrMBiQufN3zkPnEs=">AAAB/3icjVDLSgNBEJyNrxhfq4IXL4NB8BQ2EtFj0IvHCOYBSQizk04yZHZ2mekRw5qDv+LFgyJe/Q1v/o2Tx0FFwYKGoqqbaipMpDAYBB9eZmFxaXklu5pbW9/Y3PK3d2omtppDlccy1o2QGZBCQRUFSmgkGlgUSqiHw4uJX78BbUSsrnGUQDtifSV6gjN0UsffaylLWwi3mNIu8Ni6UNUfd/x8sRBMQf8meTJHpeO/t7oxtxEo5JIZ0ywGCbZTplFwCeNcyxpIGB+yPjQdVSwC006n/4/poVO6tBdrNwrpVP16kbLImFEUus2I4cD89Cbib17TYu+snQqVWATFZ0E9KynGdFIG7QoNHOXIEca1cL9SPmCacXSV5f5XQu24UCwVTq5K+fL5vI4s2ScH5IgUySkpk0tSIVXCyR15IE/k2bv3Hr0X73W2mvHmN7vkG7y3T1fnllQ=</latexit>

 s⌫

<latexit sha1_base64="9Yk4HYf9eQ+LiU3ByZ2M36AClF4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNCWtuQS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdueTPvFEna9su9jjLBbq9V8v7okuOIjz8ULlGCFRr/43hvENI2YNFQQrbseTkyQEWU4FWxW6KWaJYROyIh1LZUkYjrIFqfO0JlVBmgYK1vSoIX6fSIjkdbTKLSdETFj/dubi3953dQML4KMyyQ1TNLlomEqkInR/G804IpRI6aWEKq4vRXRMVGEGptOwYbw9Sn6n7TKrldxqzeVUv1yFUceTuAUzsEDH+pwDQ1oAoURPMATPDvCeXRenNdla85ZzRzDDzhvn/MPjkQ=</latexit>

⇠ �3

<latexit sha1_base64="ACxFmKnpFkmoBxFNLR2M06ITs0k=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgxbDRiB6DXjxGMA9IljA76U2GzMwuM7NCWPIRXjwo4tXv8ebfOHkcVBQsaCiquunuChPBjfX9Dy+3tLyyupZfL2xsbm3vFHf3miZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOrqd+6x614bG6s+MEA0kHikecUeukVtdwSU7OesVSpezPQP4mJVig3iu+d/sxSyUqywQ1plPxExtkVFvOBE4K3dRgQtmIDrDjqKISTZDNzp2QI6f0SRRrV8qSmfp1IqPSmLEMXaekdmh+elPxN6+T2ugyyLhKUouKzRdFqSA2JtPfSZ9rZFaMHaFMc3crYUOqKbMuocL/QmielivV8vlttVS7WsSRhwM4hGOowAXU4Abq0AAGI3iAJ3j2Eu/Re/Fe5605bzGzD9/gvX0CXNuO8A==</latexit>

�

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

C
M
B

<latexit sha1_base64="DaBmVGRW/CSFiKTqULDlxPZXOog=">AAAB8XicjVDLSgNBEJyNrxhfUY9eBoPgKeyKoseQXLwIEcwDkyXMTnqTIbOzy0yvGJb8hRcPinj1b7z5N04eBxUFCxqKqm66u4JECoOu++HklpZXVtfy64WNza3tneLuXtPEqebQ4LGMdTtgBqRQ0ECBEtqJBhYFElrBqDb1W3egjYjVDY4T8CM2UCIUnKGVbrsI95jVrqqTXrHkld0Z6N+kRBao94rv3X7M0wgUcsmM6Xhugn7GNAouYVLopgYSxkdsAB1LFYvA+Nns4gk9skqfhrG2pZDO1K8TGYuMGUeB7YwYDs1Pbyr+5nVSDC/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakwv9CaJ6UvdPy2fVpqVJdxJEnB+SQHBOPnJMKuSR10iCcKPJAnsizY5xH58V5nbfmnMXMPvkG5+0ThnuQ1A==</latexit>

GWs

⇠ �27

<latexit sha1_base64="E4ickKUOzsLUx8X++i2RzjGnLL0=">AAAB73icjVDJSgNBEK2JW4xb1KOXxiB4McyESDwGvXiMYBZIhtDT6Uma9DJ29whhyE948aCIV3/Hm39jZzmoKPig4PFeFVX1ooQzY33/w8utrK6tb+Q3C1vbO7t7xf2DllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsaX8389j3Vhil5aycJDQUeShYzgq2TOj3DBDqr1PrFUlD250B/kxIs0egX33sDRVJBpSUcG9MN/MSGGdaWEU6nhV5qaILJGA9p11GJBTVhNr93ik6cMkCx0q6kRXP160SGhTETEblOge3I/PRm4m9eN7XxRZgxmaSWSrJYFKccWYVmz6MB05RYPnEEE83crYiMsMbEuogK/wuhVSkH1fL5TbVUv1zGkYcjOIZTCKAGdbiGBjSBAIcHeIJn78579F6810VrzlvOHMI3eG+f1cePMA==</latexit>
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Gravitational Waves

Why?

So far, mostly telling us about General Relativity

BUT, possible window into universe pre-CMB/BBN

SARE, Ipek, White (2019) 

Morgante, Ramberg, Schwaller (2022)

0

<latexit sha1_base64="A6NN8dLeZ4tyFLCHe4UhhaqqfQQ=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GTduDioIPBh7vzTAzL0gE18Z1P5zCyura+kZxs7S1vbO7V94/aOs4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcp37nXtUmsfy1kwT9CM6kjzkjBorNd1BueJV3TnI36QCSzQG5ff+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ/NDZ+TEKkMSxsqWNGSufp3IaKT1NApsZ0TNWP/0cvE3r5ea8NLPuExSg5ItFoWpICYm+ddkyBUyI6aWUKa4vZWwMVWUGZtN6X8htM+qXq163qxV6lfLOIpwBMdwCh5cQB1uoAEtYIDwAE/w7Nw5j86L87poLTjLmUP4BuftE4AWjL8=</latexit>

� log10 z

<latexit sha1_base64="vaS8fo3hlq3TF1nbiJL+HwTkF0Q=">AAAB9HicjVDLSgMxFL2pr1pfVZdugkVwY5mRii6LblxWsA9oh5JJM21oJhmTTKEO/Q43LhRx68e4829MHwsVBQ9cOJxzL/dwwkRwYz3vA+WWlldW1/LrhY3Nre2d4u5ew6hUU1anSijdColhgktWt9wK1ko0I3EoWDMcXk395ohpw5W8teOEBTHpSx5xSqyTghPcEarfzXxvgu+7xZJf9mbAf5MSLFDrFt87PUXTmElLBTGm7XuJDTKiLaeCTQqd1LCE0CHps7ajksTMBNks9AQfOaWHI6XdSItn6teLjMTGjOPQbcbEDsxPbyr+5rVTG10EGZdJapmk80dRKrBVeNoA7nHNqBVjRwjV3GXFdEA0odb1VPhfCY3Tsl8pn91UStXLRR15OIBDOAYfzqEK11CDOlC4gwd4gmc0Qo/oBb3OV3NocbMP34DePgF3rpFE</latexit>

In
fla

tio
n

⇠ �10

<latexit sha1_base64="3FFx/JIp1vV42AITMU185a31bzs=">AAAB73icjVDLSgNBEOyNrxhfUY9eBoPgxbArET0GvXiMYB6QLGF2MkmGzMyuM71CWPITXjwo4tXf8ebfOHkcVBQsaCiquunuihIpLPr+h5dbWl5ZXcuvFzY2t7Z3irt7DRunhvE6i2VsWhG1XArN6yhQ8lZiOFWR5M1odDX1m/fcWBHrWxwnPFR0oEVfMIpOanWsUOQk8LvFUlD2ZyB/kxIsUOsW3zu9mKWKa2SSWtsO/ATDjBoUTPJJoZNanlA2ogPedlRTxW2Yze6dkCOn9Eg/Nq40kpn6dSKjytqxilynoji0P72p+JvXTrF/EWZCJylyzeaL+qkkGJPp86QnDGcox45QZoS7lbAhNZShi6jwvxAap+WgUj67qZSql4s48nAAh3AMAZxDFa6hBnVgIOEBnuDZu/MevRfvdd6a8xYz+/AN3tsnyaaPKA==</latexit>

⌫
d
ec
ou

p
li
n
g

<latexit sha1_base64="FsJtCAZPM94hrMBiQufN3zkPnEs=">AAAB/3icjVDLSgNBEJyNrxhfq4IXL4NB8BQ2EtFj0IvHCOYBSQizk04yZHZ2mekRw5qDv+LFgyJe/Q1v/o2Tx0FFwYKGoqqbaipMpDAYBB9eZmFxaXklu5pbW9/Y3PK3d2omtppDlccy1o2QGZBCQRUFSmgkGlgUSqiHw4uJX78BbUSsrnGUQDtifSV6gjN0UsffaylLWwi3mNIu8Ni6UNUfd/x8sRBMQf8meTJHpeO/t7oxtxEo5JIZ0ywGCbZTplFwCeNcyxpIGB+yPjQdVSwC006n/4/poVO6tBdrNwrpVP16kbLImFEUus2I4cD89Cbib17TYu+snQqVWATFZ0E9KynGdFIG7QoNHOXIEca1cL9SPmCacXSV5f5XQu24UCwVTq5K+fL5vI4s2ScH5IgUySkpk0tSIVXCyR15IE/k2bv3Hr0X73W2mvHmN7vkG7y3T1fnllQ=</latexit>

 s⌫

<latexit sha1_base64="9Yk4HYf9eQ+LiU3ByZ2M36AClF4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkNCWtuQS8eI5oHJEuYnUySIbOzy8ysEJZ8ghcPinj1i7z5N04egooWNBRV3XR3hYng2mD84eTW1jc2t/LbhZ3dvf2D4uFRS8epoqxJYxGrTkg0E1yypuFGsE6iGIlCwdrh5Grut++Z0jyWd2aasCAiI8mHnBJjpdueTPvFEna9su9jjLBbq9V8v7okuOIjz8ULlGCFRr/43hvENI2YNFQQrbseTkyQEWU4FWxW6KWaJYROyIh1LZUkYjrIFqfO0JlVBmgYK1vSoIX6fSIjkdbTKLSdETFj/dubi3953dQML4KMyyQ1TNLlomEqkInR/G804IpRI6aWEKq4vRXRMVGEGptOwYbw9Sn6n7TKrldxqzeVUv1yFUceTuAUzsEDH+pwDQ1oAoURPMATPDvCeXRenNdla85ZzRzDDzhvn/MPjkQ=</latexit>

⇠ �3

<latexit sha1_base64="ACxFmKnpFkmoBxFNLR2M06ITs0k=">AAAB7nicjVDLSgNBEOyNrxhfUY9eBoPgxbDRiB6DXjxGMA9IljA76U2GzMwuM7NCWPIRXjwo4tXv8ebfOHkcVBQsaCiquunuChPBjfX9Dy+3tLyyupZfL2xsbm3vFHf3miZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOrqd+6x614bG6s+MEA0kHikecUeukVtdwSU7OesVSpezPQP4mJVig3iu+d/sxSyUqywQ1plPxExtkVFvOBE4K3dRgQtmIDrDjqKISTZDNzp2QI6f0SRRrV8qSmfp1IqPSmLEMXaekdmh+elPxN6+T2ugyyLhKUouKzRdFqSA2JtPfSZ9rZFaMHaFMc3crYUOqKbMuocL/QmielivV8vlttVS7WsSRhwM4hGOowAXU4Abq0AAGI3iAJ3j2Eu/Re/Fe5605bzGzD9/gvX0CXNuO8A==</latexit>

�

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

C
M
B

<latexit sha1_base64="DaBmVGRW/CSFiKTqULDlxPZXOog=">AAAB8XicjVDLSgNBEJyNrxhfUY9eBoPgKeyKoseQXLwIEcwDkyXMTnqTIbOzy0yvGJb8hRcPinj1b7z5N04eBxUFCxqKqm66u4JECoOu++HklpZXVtfy64WNza3tneLuXtPEqebQ4LGMdTtgBqRQ0ECBEtqJBhYFElrBqDb1W3egjYjVDY4T8CM2UCIUnKGVbrsI95jVrqqTXrHkld0Z6N+kRBao94rv3X7M0wgUcsmM6Xhugn7GNAouYVLopgYSxkdsAB1LFYvA+Nns4gk9skqfhrG2pZDO1K8TGYuMGUeB7YwYDs1Pbyr+5nVSDC/8TKgkRVB8vihMJcWYTt+nfaGBoxxbwrgW9lbKh0wzjjakwv9CaJ6UvdPy2fVpqVJdxJEnB+SQHBOPnJMKuSR10iCcKPJAnsizY5xH58V5nbfmnMXMPvkG5+0ThnuQ1A==</latexit>

GWs

⇠ �27

<latexit sha1_base64="E4ickKUOzsLUx8X++i2RzjGnLL0=">AAAB73icjVDJSgNBEK2JW4xb1KOXxiB4McyESDwGvXiMYBZIhtDT6Uma9DJ29whhyE948aCIV3/Hm39jZzmoKPig4PFeFVX1ooQzY33/w8utrK6tb+Q3C1vbO7t7xf2DllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsaX8389j3Vhil5aycJDQUeShYzgq2TOj3DBDqr1PrFUlD250B/kxIs0egX33sDRVJBpSUcG9MN/MSGGdaWEU6nhV5qaILJGA9p11GJBTVhNr93ik6cMkCx0q6kRXP160SGhTETEblOge3I/PRm4m9eN7XxRZgxmaSWSrJYFKccWYVmz6MB05RYPnEEE83crYiMsMbEuogK/wuhVSkH1fL5TbVUv1zGkYcjOIZTCKAGdbiGBjSBAIcHeIJn78579F6810VrzlvOHMI3eG+f1cePMA==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves What else?

St
ra

in
 h

Frequency  f [Hz]



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Gravitational Waves What else?

108

<latexit sha1_base64="ugbjeIkEaUKcFATSFMARc37IRy4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mVFnssevFYwX5Au5Zsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWwyyXMfG8Nyxa26C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJmz4KZNxYqgky0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2RD8FZfXiedq6pXq9bva5XmTR5HEc7gHC7Bg2towh20oA0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8AGW6NoQ==</latexit>

1010

<latexit sha1_base64="Jhy54OoMrWOAogVyGB9PRrTHrfc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0sWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2iltuc+Zp477ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVa9WvbyvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QNClI7g</latexit>
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 h
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108

<latexit sha1_base64="ugbjeIkEaUKcFATSFMARc37IRy4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mVFnssevFYwX5Au5Zsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWwyyXMfG8Nyxa26C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJmz4KZNxYqgky0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2RD8FZfXiedq6pXq9bva5XmTR5HEc7gHC7Bg2towh20oA0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8AGW6NoQ==</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>

S =

Z

M

p
�g

✓
�1

4
gµ↵g⌫�Fµ⌫F↵� + gµ⌫JµA⌫

◆

<latexit sha1_base64="zv7N0h+uUzw/rnEoKNaTY1l5VaU="></latexit>

L ⇠ �
1

4
F 2 (1 +O(h))

<latexit sha1_base64="Zk3sNzJkPguwE5LFHf84vmqzCkg=">AAACKnicjVDLSgMxFM3UV62vUZdugkVoEUunVHRZFcSFYAX7gE4tmTTThmYeJHeEMsz3uPFX3HShFLd+iOkDUVHwQOBwzrncm+OEgisoFsdGamFxaXklvZpZW9/Y3DK3d+oqiCRlNRqIQDYdopjgPqsBB8GaoWTEcwRrOIOLid94YFLxwL+DYcjaHun53OWUgJY65pntEehTIuLrBNuKe/jIdiWhsZXE5eTyvoRtwVzIYQsf4s/sTZLr523Je33Id8ysVShOgf8mWTRHtWOO7G5AI4/5QAVRqmUVQ2jHRAKngiUZO1IsJHRAeqylqU88ptrx9KsJPtBKF7uB1M8HPFW/TsTEU2roOTo5OVb99Cbib14rAve0HXM/jID5dLbIjQSGAE96w10uGQUx1IRQyfWtmPaJbgp0u5n/lVAvFaxy4fi2nK2cz+tIoz20j3LIQieogq5QFdUQRY/oGb2gV+PJGBlj420WTRnzmV30Dcb7BxiupdM=</latexit>

@F ⇠ �@(hF )

<latexit sha1_base64="p7h91zC3I/rvEHBfGDGsLoOWkGw=">AAACCXicjVDLSgMxFL1TX7W+Rl26CRahLixTqeiyKBSXFewDOkPJpJk2NJMZkoxQhm7d+CtuXCji1j9w59+YaQs+UPDAhcM5997kHj/mTGnHebdyC4tLyyv51cLa+sbmlr2901JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P7rI/PYNlYpF4lqPY+qFeCBYwAjWRurZyI2x1AxzVEeuYiE6+lRKQ1Q/7NnFStmZAv1NijBHo2e/uf2IJCEVmnCsVLfixNpLs52E00nBTRSNMRnhAe0aKnBIlZdOL5mgA6P0URBJU0Kjqfp1IsWhUuPQN50h1kP108vE37xuooMzL2UiTjQVZPZQkHCkI5TFgvpMUqL52BBMJDN/RWSIJSbahFf4Xwit43KlWj65qhZr5/M48rAH+1CCCpxCDS6hAU0gcAv38AhP1p31YD1bL7PWnDWf2YVvsF4/AKFCmF8=</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Interactions of Gravitational Waves with light

⌘µ⌫ = (�,+,+,+)

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

�

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

S =

Z

M

p
�g

✓
�1

4
gµ↵g⌫�Fµ⌫F↵� + gµ⌫JµA⌫

◆

<latexit sha1_base64="zv7N0h+uUzw/rnEoKNaTY1l5VaU="></latexit>

L ⇠ �
1

4
F 2 (1 +O(h))

<latexit sha1_base64="Zk3sNzJkPguwE5LFHf84vmqzCkg=">AAACKnicjVDLSgMxFM3UV62vUZdugkVoEUunVHRZFcSFYAX7gE4tmTTThmYeJHeEMsz3uPFX3HShFLd+iOkDUVHwQOBwzrncm+OEgisoFsdGamFxaXklvZpZW9/Y3DK3d+oqiCRlNRqIQDYdopjgPqsBB8GaoWTEcwRrOIOLid94YFLxwL+DYcjaHun53OWUgJY65pntEehTIuLrBNuKe/jIdiWhsZXE5eTyvoRtwVzIYQsf4s/sTZLr523Je33Id8ysVShOgf8mWTRHtWOO7G5AI4/5QAVRqmUVQ2jHRAKngiUZO1IsJHRAeqylqU88ptrx9KsJPtBKF7uB1M8HPFW/TsTEU2roOTo5OVb99Cbib14rAve0HXM/jID5dLbIjQSGAE96w10uGQUx1IRQyfWtmPaJbgp0u5n/lVAvFaxy4fi2nK2cz+tIoz20j3LIQieogq5QFdUQRY/oGb2gV+PJGBlj420WTRnzmV30Dcb7BxiupdM=</latexit>

@F ⇠ �@(hF )

<latexit sha1_base64="p7h91zC3I/rvEHBfGDGsLoOWkGw=">AAACCXicjVDLSgMxFL1TX7W+Rl26CRahLixTqeiyKBSXFewDOkPJpJk2NJMZkoxQhm7d+CtuXCji1j9w59+YaQs+UPDAhcM5997kHj/mTGnHebdyC4tLyyv51cLa+sbmlr2901JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P7rI/PYNlYpF4lqPY+qFeCBYwAjWRurZyI2x1AxzVEeuYiE6+lRKQ1Q/7NnFStmZAv1NijBHo2e/uf2IJCEVmnCsVLfixNpLs52E00nBTRSNMRnhAe0aKnBIlZdOL5mgA6P0URBJU0Kjqfp1IsWhUuPQN50h1kP108vE37xuooMzL2UiTjQVZPZQkHCkI5TFgvpMUqL52BBMJDN/RWSIJSbahFf4Xwit43KlWj65qhZr5/M48rAH+1CCCpxCDS6hAU0gcAv38AhP1p31YD1bL7PWnDWf2YVvsF4/AKFCmF8=</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>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

�

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



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

�

<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



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

�

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

je↵ ⇠ @(hF )

<latexit sha1_base64="X+60gOzIFli+b1Oj+Rl4kPx8SJs=">AAACCXicjVDLSsNAFL3xWesr6tLNYBEqSEmlosuiIC4r2Ac0IUymk3bsTBJmJkIJ3brxV9y4UMStf+DOv3HSdqGi4IELh3PuvTP3BAlnSjvOhzU3v7C4tFxYKa6urW9s2lvbLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Hw/Pcb99SqVgcXetRQj2B+xELGcHaSL6NbvzMlQLRMBwjVzGB3ARLzTBH5YF7eHHg26VqxZkA/U1KMEPDt9/dXkxSQSNNOFaqW3US7WX5UsLpuOimiiaYDHGfdg2NsKDKyyaXjNG+UXoojKWpSKOJ+nUiw0KpkQhMp8B6oH56ufib1011eOplLEpSTSMyfShMOdIxymNBPSYp0XxkCCaSmb8iMsASE23CK/4vhNZRpVqrHF/VSvWzWRwF2IU9KEMVTqAOl9CAJhC4gwd4gmfr3nq0XqzXaeucNZvZgW+w3j4BxUyZGA==</latexit>

Effective current from spatial or temporal variations of h or F
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Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

�

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

je↵ ⇠ @(hF )

<latexit sha1_base64="X+60gOzIFli+b1Oj+Rl4kPx8SJs=">AAACCXicjVDLSsNAFL3xWesr6tLNYBEqSEmlosuiIC4r2Ac0IUymk3bsTBJmJkIJ3brxV9y4UMStf+DOv3HSdqGi4IELh3PuvTP3BAlnSjvOhzU3v7C4tFxYKa6urW9s2lvbLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Hw/Pcb99SqVgcXetRQj2B+xELGcHaSL6NbvzMlQLRMBwjVzGB3ARLzTBH5YF7eHHg26VqxZkA/U1KMEPDt9/dXkxSQSNNOFaqW3US7WX5UsLpuOimiiaYDHGfdg2NsKDKyyaXjNG+UXoojKWpSKOJ+nUiw0KpkQhMp8B6oH56ufib1011eOplLEpSTSMyfShMOdIxymNBPSYp0XxkCCaSmb8iMsASE23CK/4vhNZRpVqrHF/VSvWzWRwF2IU9KEMVTqAOl9CAJhC4gwd4gmfr3nq0XqzXaeucNZvZgW+w3j4BxUyZGA==</latexit>

Effective current from spatial or temporal variations of h or F



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

�

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

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>

Raffelt & Stodolsky (1988)

je↵ ⇠ @(hF )

<latexit sha1_base64="X+60gOzIFli+b1Oj+Rl4kPx8SJs=">AAACCXicjVDLSsNAFL3xWesr6tLNYBEqSEmlosuiIC4r2Ac0IUymk3bsTBJmJkIJ3brxV9y4UMStf+DOv3HSdqGi4IELh3PuvTP3BAlnSjvOhzU3v7C4tFxYKa6urW9s2lvbLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Hw/Pcb99SqVgcXetRQj2B+xELGcHaSL6NbvzMlQLRMBwjVzGB3ARLzTBH5YF7eHHg26VqxZkA/U1KMEPDt9/dXkxSQSNNOFaqW3US7WX5UsLpuOimiiaYDHGfdg2NsKDKyyaXjNG+UXoojKWpSKOJ+nUiw0KpkQhMp8B6oH56ufib1011eOplLEpSTSMyfShMOdIxymNBPSYp0XxkCCaSmb8iMsASE23CK/4vhNZRpVqrHF/VSvWzWRwF2IU9KEMVTqAOl9CAJhC4gwd4gmfr3nq0XqzXaeucNZvZgW+w3j4BxUyZGA==</latexit>

Effective current from spatial or temporal variations of h or F



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

�

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

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>

Raffelt & Stodolsky (1988)

je↵ ⇠ @(hF )

<latexit sha1_base64="X+60gOzIFli+b1Oj+Rl4kPx8SJs=">AAACCXicjVDLSsNAFL3xWesr6tLNYBEqSEmlosuiIC4r2Ac0IUymk3bsTBJmJkIJ3brxV9y4UMStf+DOv3HSdqGi4IELh3PuvTP3BAlnSjvOhzU3v7C4tFxYKa6urW9s2lvbLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Hw/Pcb99SqVgcXetRQj2B+xELGcHaSL6NbvzMlQLRMBwjVzGB3ARLzTBH5YF7eHHg26VqxZkA/U1KMEPDt9/dXkxSQSNNOFaqW3US7WX5UsLpuOimiiaYDHGfdg2NsKDKyyaXjNG+UXoojKWpSKOJ+nUiw0KpkQhMp8B6oH56ufib1011eOplLEpSTSMyfShMOdIxymNBPSYp0XxkCCaSmb8iMsASE23CK/4vhNZRpVqrHF/VSvWzWRwF2IU9KEMVTqAOl9CAJhC4gwd4gmfr3nq0XqzXaeucNZvZgW+w3j4BxUyZGA==</latexit>

jae↵ ⇠ ga��@(aF )

<latexit sha1_base64="1hCNdU7vZjNG/Ezak3BKYrZDznk=">AAACH3icjVDLSgMxFM3UV62vqks3wSJUkNJKfSyLgrisYB/QqcOdNNPGJjNDkhHKMH/ixl9x40IRcde/MdNWUFHwwCWHc+5Nbo4bcqZ0uTy2MnPzC4tL2eXcyura+kZ+c6upgkgS2iABD2TbBUU582lDM81pO5QUhMtpyx2ep37rjkrFAv9aj0LaFdD3mccIaCM5+eNbJ7alwNTzkhvAtmIC953YsD4I8Xkk2A5BagYcF8E+uNh38oVKqTwB/psU0Ax1J/9u9wISCeprwkGpTqUc6m6cXko4TXJ2pGgIZAh92jHUB0FVN578L8F7RulhL5CmfI0n6teJGIRSI+GaTgF6oH56qfib14m0d9qNmR9Gmvpk+pAXcawDnIaFe0xSovnIECCSmV0xGYAEok2kuf+F0DwsVaqlo6tqoXY2iyOLdtAuKqIKOkE1dInqqIEIukeP6Bm9WA/Wk/VqvU1bM9ZsZht9gzX+AGCVoek=</latexit>

Effective current from spatial or temporal variations of h or F



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

Estimate sensitivity to GWs by comparing sizes of currents



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

Estimate sensitivity to GWs by comparing sizes of currents

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



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

Estimate sensitivity to GWs by comparing sizes of currents

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

jae↵ ⇠ ga��(@ta)B0

<latexit sha1_base64="S42Dfr1a3GmkioW5ZpD/R8S4mDo=">AAACL3icjVDLSgMxFM3UV62vqks3wSLUTZlKRZelgrisYB/QqcOdNNNGk5khyQhlmD9y4690I6KIW//CTFtBRcED4R7OuZd7c7yIM6Vt+8nKLSwuLa/kVwtr6xubW8XtnbYKY0loi4Q8lF0PFOUsoC3NNKfdSFIQHqcd7/Ys8zt3VCoWBld6HNG+gGHAfEZAG8ktnt+4iSMFpr6fXgN2FBN46CaGDUGIz5LishOB1Ay4qzEcYscL+UCNhSlJI3Vtt1iqVuwp8N+khOZousWJMwhJLGigCQelelU70v0k20E4TQtOrGgE5BaGtGdoAIKqfjL9b4oPjDLAfijNCzSeql8nEhAqO850CtAj9dPLxN+8Xqz9037CgijWNCCzRX7MsQ5xFh4eMEmJ5mNDgEhmbsVkBBKINhEX/hdC+6hSrVWOL2ulemMeRx7toX1URlV0guroAjVRCxF0jyboGb1YD9aj9Wq9zVpz1nxmF32D9f4B+NCpCg==</latexit>

. 10�19 T/m

<latexit sha1_base64="iGAoRui1N71AkiFs9p1PwvOR5LA=">AAACBnicjVDLSgNBEJyNrxhfUY8iDAbBg8Zdiai3oBePEfKCbAyzk04yZGZ3mekVw5KTF3/FiwdFvPoN3vwbN4+DioIFDUVVN91dXiiFQdv+sFIzs3PzC+nFzNLyyupadn2jaoJIc6jwQAa67jEDUvhQQYES6qEGpjwJNa9/MfJrN6CNCPwyDkJoKtb1RUdwhonUym67EowxQlHHvo4PnLOhu+8i3GJcPlTDVjbn5O0x6N8kR6YotbLvbjvgkQIfuWTGNBw7xGbMNAouYZhxIwMh433WhUZCfabANOPxG0O6myht2gl0Uj7Ssfp1ImbKmIHykk7FsGd+eiPxN68RYee0GQs/jBB8PlnUiSTFgI4yoW2hgaMcJIRxLZJbKe8xzTgmyWX+F0L1KO8U8sdXhVzxfBpHmmyRHbJHHHJCiuSSlEiFcHJHHsgTebburUfrxXqdtKas6cwm+Qbr7RP/U5gz</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

Estimate sensitivity to GWs by comparing sizes of currents

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

jae↵ ⇠ ga��(@ta)B0

<latexit sha1_base64="S42Dfr1a3GmkioW5ZpD/R8S4mDo=">AAACL3icjVDLSgMxFM3UV62vqks3wSLUTZlKRZelgrisYB/QqcOdNNNGk5khyQhlmD9y4690I6KIW//CTFtBRcED4R7OuZd7c7yIM6Vt+8nKLSwuLa/kVwtr6xubW8XtnbYKY0loi4Q8lF0PFOUsoC3NNKfdSFIQHqcd7/Ys8zt3VCoWBld6HNG+gGHAfEZAG8ktnt+4iSMFpr6fXgN2FBN46CaGDUGIz5LishOB1Ay4qzEcYscL+UCNhSlJI3Vtt1iqVuwp8N+khOZousWJMwhJLGigCQelelU70v0k20E4TQtOrGgE5BaGtGdoAIKqfjL9b4oPjDLAfijNCzSeql8nEhAqO850CtAj9dPLxN+8Xqz9037CgijWNCCzRX7MsQ5xFh4eMEmJ5mNDgEhmbsVkBBKINhEX/hdC+6hSrVWOL2ulemMeRx7toX1URlV0guroAjVRCxF0jyboGb1YD9aj9Wq9zVpz1nxmF32D9f4B+NCpCg==</latexit>

. 10�19 T/m

<latexit sha1_base64="iGAoRui1N71AkiFs9p1PwvOR5LA=">AAACBnicjVDLSgNBEJyNrxhfUY8iDAbBg8Zdiai3oBePEfKCbAyzk04yZGZ3mekVw5KTF3/FiwdFvPoN3vwbN4+DioIFDUVVN91dXiiFQdv+sFIzs3PzC+nFzNLyyupadn2jaoJIc6jwQAa67jEDUvhQQYES6qEGpjwJNa9/MfJrN6CNCPwyDkJoKtb1RUdwhonUym67EowxQlHHvo4PnLOhu+8i3GJcPlTDVjbn5O0x6N8kR6YotbLvbjvgkQIfuWTGNBw7xGbMNAouYZhxIwMh433WhUZCfabANOPxG0O6myht2gl0Uj7Ssfp1ImbKmIHykk7FsGd+eiPxN68RYee0GQs/jBB8PlnUiSTFgI4yoW2hgaMcJIRxLZJbKe8xzTgmyWX+F0L1KO8U8sdXhVzxfBpHmmyRHbJHHHJCiuSSlEiFcHJHHsgTebburUfrxXqdtKas6cwm+Qbr7RP/U5gz</latexit>

jhe↵ ⇠ (@th)B0

<latexit sha1_base64="OIGdPREsZq3DM/3IlKVlWSz4F4g=">AAACG3icjVDLSsNAFJ3UV62vqEs3g0Wom5KWii5L3bisYB/QxDCZTJqxM0mYmQgl5D/c+CtuXCjiSnDh3zhpu1BR8MAwh3Pu5d57vIRRqSzrwygtLa+srpXXKxubW9s75u5eX8apwKSHYxaLoYckYTQiPUUVI8NEEMQ9Rgbe5LzwB7dESBpHV2qaEIejcUQDipHSkms2b9zMFhySIMivQ2hLymHNTpBQFDFXwfAY2l7MfDnl+ss6uWu5ZrVRt2aAf5MqWKDrmm+2H+OUk0hhhqQcNaxEOVkxAzOSV+xUkgThCRqTkaYR4kQ62ey2HB5pxYdBLPSLFJypXzsyxGWxnK7kSIXyp1eIv3mjVAVnTkajJFUkwvNBQcqgimERFPSpIFixqSYIC6p3hThEAmGl46z8L4R+s95o1U8uW9V2ZxFHGRyAQ1ADDXAK2uACdEEPYHAHHsATeDbujUfjxXidl5aMRc8++Abj/RN3+aET</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Connection to Axion Physics

⌘µ⌫ = (�,+,+,+)

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

Estimate sensitivity to GWs by comparing sizes of currents

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

jae↵ ⇠ ga��(@ta)B0

<latexit sha1_base64="S42Dfr1a3GmkioW5ZpD/R8S4mDo=">AAACL3icjVDLSgMxFM3UV62vqks3wSLUTZlKRZelgrisYB/QqcOdNNNGk5khyQhlmD9y4690I6KIW//CTFtBRcED4R7OuZd7c7yIM6Vt+8nKLSwuLa/kVwtr6xubW8XtnbYKY0loi4Q8lF0PFOUsoC3NNKfdSFIQHqcd7/Ys8zt3VCoWBld6HNG+gGHAfEZAG8ktnt+4iSMFpr6fXgN2FBN46CaGDUGIz5LishOB1Ay4qzEcYscL+UCNhSlJI3Vtt1iqVuwp8N+khOZousWJMwhJLGigCQelelU70v0k20E4TQtOrGgE5BaGtGdoAIKqfjL9b4oPjDLAfijNCzSeql8nEhAqO850CtAj9dPLxN+8Xqz9037CgijWNCCzRX7MsQ5xFh4eMEmJ5mNDgEhmbsVkBBKINhEX/hdC+6hSrVWOL2ulemMeRx7toX1URlV0guroAjVRCxF0jyboGb1YD9aj9Wq9zVpz1nxmF32D9f4B+NCpCg==</latexit>

. 10�19 T/m

<latexit sha1_base64="iGAoRui1N71AkiFs9p1PwvOR5LA=">AAACBnicjVDLSgNBEJyNrxhfUY8iDAbBg8Zdiai3oBePEfKCbAyzk04yZGZ3mekVw5KTF3/FiwdFvPoN3vwbN4+DioIFDUVVN91dXiiFQdv+sFIzs3PzC+nFzNLyyupadn2jaoJIc6jwQAa67jEDUvhQQYES6qEGpjwJNa9/MfJrN6CNCPwyDkJoKtb1RUdwhonUym67EowxQlHHvo4PnLOhu+8i3GJcPlTDVjbn5O0x6N8kR6YotbLvbjvgkQIfuWTGNBw7xGbMNAouYZhxIwMh433WhUZCfabANOPxG0O6myht2gl0Uj7Ssfp1ImbKmIHykk7FsGd+eiPxN68RYee0GQs/jBB8PlnUiSTFgI4yoW2hgaMcJIRxLZJbKe8xzTgmyWX+F0L1KO8U8sdXhVzxfBpHmmyRHbJHHHJCiuSSlEiFcHJHHsgTebburUfrxXqdtKas6cwm+Qbr7RP/U5gz</latexit>

jhe↵ ⇠ (@th)B0

<latexit sha1_base64="OIGdPREsZq3DM/3IlKVlWSz4F4g=">AAACG3icjVDLSsNAFJ3UV62vqEs3g0Wom5KWii5L3bisYB/QxDCZTJqxM0mYmQgl5D/c+CtuXCjiSnDh3zhpu1BR8MAwh3Pu5d57vIRRqSzrwygtLa+srpXXKxubW9s75u5eX8apwKSHYxaLoYckYTQiPUUVI8NEEMQ9Rgbe5LzwB7dESBpHV2qaEIejcUQDipHSkms2b9zMFhySIMivQ2hLymHNTpBQFDFXwfAY2l7MfDnl+ss6uWu5ZrVRt2aAf5MqWKDrmm+2H+OUk0hhhqQcNaxEOVkxAzOSV+xUkgThCRqTkaYR4kQ62ey2HB5pxYdBLPSLFJypXzsyxGWxnK7kSIXyp1eIv3mjVAVnTkajJFUkwvNBQcqgimERFPSpIFixqSYIC6p3hThEAmGl46z8L4R+s95o1U8uW9V2ZxFHGRyAQ1ADDXAK2uACdEEPYHAHHsATeDbujUfjxXidl5aMRc8++Abj/RN3+aET</latexit>

h . 10�21

<latexit sha1_base64="Fg3TkWz8aKtJLDgBItzOLXBxmIM=">AAAB/HicjVDLSgMxFL3js9bXaJdugkVwY5kpFV0W3bisYB/QjiWTZtrQJDMkGWEY6q+4caGIWz/EnX9j+lioKHjgwuGce7mHEyacaeN5H87S8srq2npho7i5tb2z6+7tt3ScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx5dTv31HlWaxvDFZQgOBh5JFjGBjpb5bGqEep1prJpDv3eYnVX/Sd8t+xZsB/U3KsECj7773BjFJBZWGcKx11/cSE+RYGUY4nRR7qaYJJmM8pF1LJRZUB/ks/AQdWWWAoljZkQbN1K8XORZaZyK0mwKbkf7pTcXfvG5qovMgZzJJDZVk/ihKOTIxmjaBBkxRYnhmCSaK2ayIjLDCxNi+iv8roVWt+LXK6XWtXL9Y1FGAAziEY/DhDOpwBQ1oAoEMHuAJnp1759F5cV7nq0vO4qYE3+C8fQIOqpO/</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!

GW in TT gauge:



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!

@µh
µ⌫ = 0, hµ

µ = 0, h00 = h0i = 0

<latexit sha1_base64="GS3y7VdK4VT2hWGUBhxGpdUCuOk=">AAACKXicjVDLSsNAFJ34rPUVdelmsAgupKRS0Y1QdOOygn1Ak4bJdNIMnUzCPIQS6ue48VfcKCjq1h9xknahouCFYc6ccy73zglSRqVynDdrbn5hcWm5tFJeXVvf2LS3ttsy0QKTFk5YIroBkoRRTlqKKka6qSAoDhjpBKOLXO/cECFpwq/VOCVejIachhQjZSjfbrgpEooi5ruxhlE/M5fL9QSeQefwFkY53c+l4h35mePkWg5oYfLtSq3qFAX/BhUwq6ZvP7mDBOuYcIUZkrJXc1LlZfkWmJFJ2dWSpAiP0JD0DOQoJtLLip9O4L5hBjBMhDlcwYL92pGhWMpxHBhnjFQkf2o5+ZvW0yo89TLKU60Ix9NBoWZQJTCPDQ6oIFixsQEIC2p2hThCAmFlwi3/L4T2UbVWrx5f1SuN81kcJbAL9sABqIET0ACXoAlaAIM78ACewYt1bz1ar9b71DpnzXp2wLeyPj4B+o+khw==</latexit>

GW in TT gauge:



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!

@µh
µ⌫ = 0, hµ

µ = 0, h00 = h0i = 0

<latexit sha1_base64="GS3y7VdK4VT2hWGUBhxGpdUCuOk=">AAACKXicjVDLSsNAFJ34rPUVdelmsAgupKRS0Y1QdOOygn1Ak4bJdNIMnUzCPIQS6ue48VfcKCjq1h9xknahouCFYc6ccy73zglSRqVynDdrbn5hcWm5tFJeXVvf2LS3ttsy0QKTFk5YIroBkoRRTlqKKka6qSAoDhjpBKOLXO/cECFpwq/VOCVejIachhQjZSjfbrgpEooi5ruxhlE/M5fL9QSeQefwFkY53c+l4h35mePkWg5oYfLtSq3qFAX/BhUwq6ZvP7mDBOuYcIUZkrJXc1LlZfkWmJFJ2dWSpAiP0JD0DOQoJtLLip9O4L5hBjBMhDlcwYL92pGhWMpxHBhnjFQkf2o5+ZvW0yo89TLKU60Ix9NBoWZQJTCPDQ6oIFixsQEIC2p2hThCAmFlwi3/L4T2UbVWrx5f1SuN81kcJbAL9sABqIET0ACXoAlaAIM78ACewYt1bz1ar9b71DpnzXp2wLeyPj4B+o+khw==</latexit>

GW in TT gauge:

Riemann tensor invariant at O(h):



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!

@µh
µ⌫ = 0, hµ

µ = 0, h00 = h0i = 0

<latexit sha1_base64="GS3y7VdK4VT2hWGUBhxGpdUCuOk=">AAACKXicjVDLSsNAFJ34rPUVdelmsAgupKRS0Y1QdOOygn1Ak4bJdNIMnUzCPIQS6ue48VfcKCjq1h9xknahouCFYc6ccy73zglSRqVynDdrbn5hcWm5tFJeXVvf2LS3ttsy0QKTFk5YIroBkoRRTlqKKka6qSAoDhjpBKOLXO/cECFpwq/VOCVejIachhQjZSjfbrgpEooi5ruxhlE/M5fL9QSeQefwFkY53c+l4h35mePkWg5oYfLtSq3qFAX/BhUwq6ZvP7mDBOuYcIUZkrJXc1LlZfkWmJFJ2dWSpAiP0JD0DOQoJtLLip9O4L5hBjBMhDlcwYL92pGhWMpxHBhnjFQkf2o5+ZvW0yo89TLKU60Ix9NBoWZQJTCPDQ6oIFixsQEIC2p2hThCAmFlwi3/L4T2UbVWrx5f1SuN81kcJbAL9sABqIET0ACXoAlaAIM78ACewYt1bz1ar9b71DpnzXp2wLeyPj4B+o+khw==</latexit>

GW in TT gauge:

Riemann tensor invariant at O(h):
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<latexit sha1_base64="3MSWU/vEpfSQfFa6cmebhbHOcPY="></latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!

Detector in Local Inertial Frame (LIF)



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!

Detector in Local Inertial Frame (LIF) n̂⇥E = 0

<latexit sha1_base64="OCG/5Xvt/xwLKT6keVmt/JGdhwk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4GmZE0Y1QFMFlBfuATimZNNOGZpIhuSOUYf7Cjb/ixoUibnXn35g+FlUUPBByOOde7r0nTAQ34HmfTmFhcWl5pbhaWlvf2Nwqb+80jEo1ZXWqhNKtkBgmuGR14CBYK9GMxKFgzXB4Ofabd0wbruQtjBLWiUlf8ohTAlbqlt0gVKJnRrH9smBAIJN5jgPgMTN43rvK8Tn2uuWK73oT4L9JBc1Q65Y/gp6iacwkUEGMafteAp2MaOBUsLwUpIYlhA5Jn7UtlcTO7WSTu3J8YJUejpS2TwKeqPMdGYnNeD1bGRMYmJ/eWPzNa6cQnXUyLpMUmKTTQVEqMCg8Dgn3uGYUxMgSQjW3u2I6IJpQsFGW/hdC48j1j92Tm+NK9WIWRxHtoX10iHx0iqroGtVQHVF0jx7RM3pxHpwn59V5m5YWnFnPLvoG5/0LzIugRw==</latexit>

n̂ ·B = 0

<latexit sha1_base64="GFUpGfA2HnlBlCJQ9dq3CR0AtZk=">AAACFnicjVDLSgMxFM3UV62vqks3wSK4sUylohuh1I3LCvYBnVIymbQNzSRDckcow3yFG3/FjQtF3Io7/8ZM20UVBQ9c7uGce8nN8SPBDbjup5NbWl5ZXcuvFzY2t7Z3irt7LaNiTVmTKqF0xyeGCS5ZEzgI1ok0I6EvWNsfX2V++45pw5W8hUnEeiEZSj7glICV+sUTz1ciMJPQtsQbEUhkmmKPBgrwolVP8SV2+8VSpexOgf8mJTRHo1/88AJF45BJoIIY0624EfQSooFTwdKCFxsWETomQ9a1VJKQmV4y/VaKj6wS4IHStiTgqbq4kZDQZOfZyZDAyPz0MvE3rxvD4KKXcBnFwCSdPTSIBQaFs4xwwDWjICaWEKq5vRXTEdGEgk2y8L8QWqflSrV8dlMt1erzOPLoAB2iY1RB56iGrlEDNRFF9+gRPaMX58F5cl6dt9lozpnv7KNvcN6/ANjOn8I=</latexit>

Maxwell (19th century)



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!

Detector in Local Inertial Frame (LIF) n̂⇥E = 0

<latexit sha1_base64="OCG/5Xvt/xwLKT6keVmt/JGdhwk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4GmZE0Y1QFMFlBfuATimZNNOGZpIhuSOUYf7Cjb/ixoUibnXn35g+FlUUPBByOOde7r0nTAQ34HmfTmFhcWl5pbhaWlvf2Nwqb+80jEo1ZXWqhNKtkBgmuGR14CBYK9GMxKFgzXB4Ofabd0wbruQtjBLWiUlf8ohTAlbqlt0gVKJnRrH9smBAIJN5jgPgMTN43rvK8Tn2uuWK73oT4L9JBc1Q65Y/gp6iacwkUEGMafteAp2MaOBUsLwUpIYlhA5Jn7UtlcTO7WSTu3J8YJUejpS2TwKeqPMdGYnNeD1bGRMYmJ/eWPzNa6cQnXUyLpMUmKTTQVEqMCg8Dgn3uGYUxMgSQjW3u2I6IJpQsFGW/hdC48j1j92Tm+NK9WIWRxHtoX10iHx0iqroGtVQHVF0jx7RM3pxHpwn59V5m5YWnFnPLvoG5/0LzIugRw==</latexit>

n̂ ·B = 0

<latexit sha1_base64="GFUpGfA2HnlBlCJQ9dq3CR0AtZk=">AAACFnicjVDLSgMxFM3UV62vqks3wSK4sUylohuh1I3LCvYBnVIymbQNzSRDckcow3yFG3/FjQtF3Io7/8ZM20UVBQ9c7uGce8nN8SPBDbjup5NbWl5ZXcuvFzY2t7Z3irt7LaNiTVmTKqF0xyeGCS5ZEzgI1ok0I6EvWNsfX2V++45pw5W8hUnEeiEZSj7glICV+sUTz1ciMJPQtsQbEUhkmmKPBgrwolVP8SV2+8VSpexOgf8mJTRHo1/88AJF45BJoIIY0624EfQSooFTwdKCFxsWETomQ9a1VJKQmV4y/VaKj6wS4IHStiTgqbq4kZDQZOfZyZDAyPz0MvE3rxvD4KKXcBnFwCSdPTSIBQaFs4xwwDWjICaWEKq5vRXTEdGEgk2y8L8QWqflSrV8dlMt1erzOPLoAB2iY1RB56iGrlEDNRFF9+gRPaMX58F5cl6dt9lozpnv7KNvcN6/ANjOn8I=</latexit>

Maxwell (19th century)

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>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Crucial to work in appropriate reference frame!

Detector in Local Inertial Frame (LIF) n̂⇥E = 0

<latexit sha1_base64="OCG/5Xvt/xwLKT6keVmt/JGdhwk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4GmZE0Y1QFMFlBfuATimZNNOGZpIhuSOUYf7Cjb/ixoUibnXn35g+FlUUPBByOOde7r0nTAQ34HmfTmFhcWl5pbhaWlvf2Nwqb+80jEo1ZXWqhNKtkBgmuGR14CBYK9GMxKFgzXB4Ofabd0wbruQtjBLWiUlf8ohTAlbqlt0gVKJnRrH9smBAIJN5jgPgMTN43rvK8Tn2uuWK73oT4L9JBc1Q65Y/gp6iacwkUEGMafteAp2MaOBUsLwUpIYlhA5Jn7UtlcTO7WSTu3J8YJUejpS2TwKeqPMdGYnNeD1bGRMYmJ/eWPzNa6cQnXUyLpMUmKTTQVEqMCg8Dgn3uGYUxMgSQjW3u2I6IJpQsFGW/hdC48j1j92Tm+NK9WIWRxHtoX10iHx0iqroGtVQHVF0jx7RM3pxHpwn59V5m5YWnFnPLvoG5/0LzIugRw==</latexit>

n̂ ·B = 0

<latexit sha1_base64="GFUpGfA2HnlBlCJQ9dq3CR0AtZk=">AAACFnicjVDLSgMxFM3UV62vqks3wSK4sUylohuh1I3LCvYBnVIymbQNzSRDckcow3yFG3/FjQtF3Io7/8ZM20UVBQ9c7uGce8nN8SPBDbjup5NbWl5ZXcuvFzY2t7Z3irt7LaNiTVmTKqF0xyeGCS5ZEzgI1ok0I6EvWNsfX2V++45pw5W8hUnEeiEZSj7glICV+sUTz1ciMJPQtsQbEUhkmmKPBgrwolVP8SV2+8VSpexOgf8mJTRHo1/88AJF45BJoIIY0624EfQSooFTwdKCFxsWETomQ9a1VJKQmV4y/VaKj6wS4IHStiTgqbq4kZDQZOfZyZDAyPz0MvE3rxvD4KKXcBnFwCSdPTSIBQaFs4xwwDWjICaWEKq5vRXTEdGEgk2y8L8QWqflSrV8dlMt1erzOPLoAB2iY1RB56iGrlEDNRFF9+gRPaMX58F5cl6dt9lozpnv7KNvcN6/ANjOn8I=</latexit>

Maxwell (19th century)

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>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 
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Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

hTT
ij ei!g(t�z)

<latexit sha1_base64="TlQBVA23MdGYX81jexkv+I6NTp8=">AAACD3icjVC7SgNBFJ31GeMramkzGJRYGHYlomXQxjJCXpDHMju5m4yZ2VlmZoW47B/Y+Cs2ForY2tr5N24ehYqCBy4czrmXe+/xQs60se0Pa25+YXFpObOSXV1b39jMbW3XtYwUhRqVXKqmRzRwFkDNMMOhGSogwuPQ8IYXY79xA0ozGVTNKISOIP2A+YwSk0pu7mDQjdtK4Go1cWN2nWDoxgy3pYA+cfu4YPARvj1M3FzeKdoT4L9JHs1QcXPv7Z6kkYDAUE60bjl2aDoxUYZRDkm2HWkICR2SPrRSGhABuhNP/knwfqr0sC9VWoHBE/XrREyE1iPhpZ2CmIH+6Y3F37xWZPyzTsyCMDIQ0OkiP+LYSDwOB/eYAmr4KCWEKpbeiumAKEJNGmH2fyHUj4tOqXhyVcqXz2dxZNAu2kMF5KBTVEaXqIJqiKI79ICe0LN1bz1aL9brtHXOms3soG+w3j4BMGybeA==</latexit>

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

hTT
ij ei!g(t�z)

<latexit sha1_base64="TlQBVA23MdGYX81jexkv+I6NTp8=">AAACD3icjVC7SgNBFJ31GeMramkzGJRYGHYlomXQxjJCXpDHMju5m4yZ2VlmZoW47B/Y+Cs2ForY2tr5N24ehYqCBy4czrmXe+/xQs60se0Pa25+YXFpObOSXV1b39jMbW3XtYwUhRqVXKqmRzRwFkDNMMOhGSogwuPQ8IYXY79xA0ozGVTNKISOIP2A+YwSk0pu7mDQjdtK4Go1cWN2nWDoxgy3pYA+cfu4YPARvj1M3FzeKdoT4L9JHs1QcXPv7Z6kkYDAUE60bjl2aDoxUYZRDkm2HWkICR2SPrRSGhABuhNP/knwfqr0sC9VWoHBE/XrREyE1iPhpZ2CmIH+6Y3F37xWZPyzTsyCMDIQ0OkiP+LYSDwOB/eYAmr4KCWEKpbeiumAKEJNGmH2fyHUj4tOqXhyVcqXz2dxZNAu2kMF5KBTVEaXqIJqiKI79ICe0LN1bz1aL9brtHXOms3soG+w3j4BMGybeA==</latexit>

jµe↵TT
= �F↵�

TT
@�h

TTµ
↵ ' i!gF

iz
TT

hTTµ
i = 0

<latexit sha1_base64="3vpTyxt9TE3Q+Bti8WtfKaUXxik="></latexit>

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

hTT
ij ei!g(t�z)

<latexit sha1_base64="TlQBVA23MdGYX81jexkv+I6NTp8=">AAACD3icjVC7SgNBFJ31GeMramkzGJRYGHYlomXQxjJCXpDHMju5m4yZ2VlmZoW47B/Y+Cs2ForY2tr5N24ehYqCBy4czrmXe+/xQs60se0Pa25+YXFpObOSXV1b39jMbW3XtYwUhRqVXKqmRzRwFkDNMMOhGSogwuPQ8IYXY79xA0ozGVTNKISOIP2A+YwSk0pu7mDQjdtK4Go1cWN2nWDoxgy3pYA+cfu4YPARvj1M3FzeKdoT4L9JHs1QcXPv7Z6kkYDAUE60bjl2aDoxUYZRDkm2HWkICR2SPrRSGhABuhNP/knwfqr0sC9VWoHBE/XrREyE1iPhpZ2CmIH+6Y3F37xWZPyzTsyCMDIQ0OkiP+LYSDwOB/eYAmr4KCWEKpbeiumAKEJNGmH2fyHUj4tOqXhyVcqXz2dxZNAu2kMF5KBTVEaXqIJqiKI79ICe0LN1bz1aL9brtHXOms3soG+w3j4BMGybeA==</latexit>

jµe↵TT
= �F↵�

TT
@�h

TTµ
↵ ' i!gF

iz
TT

hTTµ
i = 0

<latexit sha1_base64="3vpTyxt9TE3Q+Bti8WtfKaUXxik="></latexit>

No effect??

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

hTT
ij ei!g(t�z)

<latexit sha1_base64="TlQBVA23MdGYX81jexkv+I6NTp8=">AAACD3icjVC7SgNBFJ31GeMramkzGJRYGHYlomXQxjJCXpDHMju5m4yZ2VlmZoW47B/Y+Cs2ForY2tr5N24ehYqCBy4czrmXe+/xQs60se0Pa25+YXFpObOSXV1b39jMbW3XtYwUhRqVXKqmRzRwFkDNMMOhGSogwuPQ8IYXY79xA0ozGVTNKISOIP2A+YwSk0pu7mDQjdtK4Go1cWN2nWDoxgy3pYA+cfu4YPARvj1M3FzeKdoT4L9JHs1QcXPv7Z6kkYDAUE60bjl2aDoxUYZRDkm2HWkICR2SPrRSGhABuhNP/knwfqr0sC9VWoHBE/XrREyE1iPhpZ2CmIH+6Y3F37xWZPyzTsyCMDIQ0OkiP+LYSDwOB/eYAmr4KCWEKpbeiumAKEJNGmH2fyHUj4tOqXhyVcqXz2dxZNAu2kMF5KBTVEaXqIJqiKI79ICe0LN1bz1aL9brtHXOms3soG+w3j4BMGybeA==</latexit>

jµe↵TT
= �F↵�

TT
@�h

TTµ
↵ ' i!gF

iz
TT

hTTµ
i = 0

<latexit sha1_base64="3vpTyxt9TE3Q+Bti8WtfKaUXxik="></latexit>

No effect??

Marzlin (1994) 
Rakhmanov (2014)

�

<latexit sha1_base64="yli/Va5Bs2x8slYOsRvFKIzXpys=">AAAB7XicjVDJSgNBEK2OW4xb1KOXxiB4CjOi6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7y0FFwQcFj/eqqKoXp4JbFwQfqLC0vLK6VlwvbWxube+Ud/eaVmeGsgbVQpt2TCwTXLGG406wdmoYkbFgrXh0NfVb98xYrtWtG6cskmSgeMIpcV5qdi0fSNIrV8JqMAP+m1RggXqv/N7ta5pJphwVxNpOGKQuyolxnAo2KXUzy1JCR2TAOp4qIpmN8tm1E3zklT5OtPGlHJ6pXydyIq0dy9h3SuKG9qc3FX/zOplLLqKcqzRzTNH5oiQT2Gk8fR33uWHUibEnhBrub8V0SAyhzgdU+l8IzZNqeFo9uzmt1C4XcRThAA7hGEI4hxpcQx0aQOEOHuAJnpFGj+gFvc5bC2gxsw/fgN4+AaNcjy4=</latexit>

xµ
TT ⇠ xµ � xihµ

i

<latexit sha1_base64="b0IzQfmqC0OAciZ+59yKAW0Y5oU=">AAACEHicjVC7TsMwFHXKq5RXgJHFokKwUKWoCMYKFsYi9SU1IXJcp7VqO5HtoFZRP4GFX2FhACFWRjb+BiftAAgkjmTd43PulX1PEDOqtON8WIWFxaXlleJqaW19Y3PL3t5pqyiRmLRwxCLZDZAijArS0lQz0o0lQTxgpBOMLjO/c0ukopFo6klMPI4GgoYUI20k3z4c+6krOWw2pzcuT6CrKIfjnB6bSuHQp9nNt8vVipMD/k3KYI6Gb7+7/QgnnAiNGVKqV3Vi7aVIaooZmZbcRJEY4REakJ6hAnGivDRfaAoPjNKHYSTNERrm6teJFHGlJjwwnRzpofrpZeJvXi/R4bmXUhEnmgg8eyhMGNQRzNKBfSoJ1mxiCMKSmr9CPEQSYW0yLP0vhPZJpVqrnF7XyvWLeRxFsAf2wRGogjNQB1egAVoAgzvwAJ7As3VvPVov1uustWDNZ3bBN1hvn3f7nDs=</latexit>

Detector lives in LIF

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

hTT
ij ei!g(t�z)

<latexit sha1_base64="TlQBVA23MdGYX81jexkv+I6NTp8=">AAACD3icjVC7SgNBFJ31GeMramkzGJRYGHYlomXQxjJCXpDHMju5m4yZ2VlmZoW47B/Y+Cs2ForY2tr5N24ehYqCBy4czrmXe+/xQs60se0Pa25+YXFpObOSXV1b39jMbW3XtYwUhRqVXKqmRzRwFkDNMMOhGSogwuPQ8IYXY79xA0ozGVTNKISOIP2A+YwSk0pu7mDQjdtK4Go1cWN2nWDoxgy3pYA+cfu4YPARvj1M3FzeKdoT4L9JHs1QcXPv7Z6kkYDAUE60bjl2aDoxUYZRDkm2HWkICR2SPrRSGhABuhNP/knwfqr0sC9VWoHBE/XrREyE1iPhpZ2CmIH+6Y3F37xWZPyzTsyCMDIQ0OkiP+LYSDwOB/eYAmr4KCWEKpbeiumAKEJNGmH2fyHUj4tOqXhyVcqXz2dxZNAu2kMF5KBTVEaXqIJqiKI79ICe0LN1bz1aL9brtHXOms3soG+w3j4BMGybeA==</latexit>

�

<latexit sha1_base64="yli/Va5Bs2x8slYOsRvFKIzXpys=">AAAB7XicjVDJSgNBEK2OW4xb1KOXxiB4CjOi6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7y0FFwQcFj/eqqKoXp4JbFwQfqLC0vLK6VlwvbWxube+Ud/eaVmeGsgbVQpt2TCwTXLGG406wdmoYkbFgrXh0NfVb98xYrtWtG6cskmSgeMIpcV5qdi0fSNIrV8JqMAP+m1RggXqv/N7ta5pJphwVxNpOGKQuyolxnAo2KXUzy1JCR2TAOp4qIpmN8tm1E3zklT5OtPGlHJ6pXydyIq0dy9h3SuKG9qc3FX/zOplLLqKcqzRzTNH5oiQT2Gk8fR33uWHUibEnhBrub8V0SAyhzgdU+l8IzZNqeFo9uzmt1C4XcRThAA7hGEI4hxpcQx0aQOEOHuAJnpFGj+gFvc5bC2gxsw/fgN4+AaNcjy4=</latexit>

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

hTT
ij ei!g(t�z)

<latexit sha1_base64="TlQBVA23MdGYX81jexkv+I6NTp8=">AAACD3icjVC7SgNBFJ31GeMramkzGJRYGHYlomXQxjJCXpDHMju5m4yZ2VlmZoW47B/Y+Cs2ForY2tr5N24ehYqCBy4czrmXe+/xQs60se0Pa25+YXFpObOSXV1b39jMbW3XtYwUhRqVXKqmRzRwFkDNMMOhGSogwuPQ8IYXY79xA0ozGVTNKISOIP2A+YwSk0pu7mDQjdtK4Go1cWN2nWDoxgy3pYA+cfu4YPARvj1M3FzeKdoT4L9JHs1QcXPv7Z6kkYDAUE60bjl2aDoxUYZRDkm2HWkICR2SPrRSGhABuhNP/knwfqr0sC9VWoHBE/XrREyE1iPhpZ2CmIH+6Y3F37xWZPyzTsyCMDIQ0OkiP+LYSDwOB/eYAmr4KCWEKpbeiumAKEJNGmH2fyHUj4tOqXhyVcqXz2dxZNAu2kMF5KBTVEaXqIJqiKI79ICe0LN1bz1aL9brtHXOms3soG+w3j4BMGybeA==</latexit>

�

<latexit sha1_base64="yli/Va5Bs2x8slYOsRvFKIzXpys=">AAAB7XicjVDJSgNBEK2OW4xb1KOXxiB4CjOi6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7y0FFwQcFj/eqqKoXp4JbFwQfqLC0vLK6VlwvbWxube+Ud/eaVmeGsgbVQpt2TCwTXLGG406wdmoYkbFgrXh0NfVb98xYrtWtG6cskmSgeMIpcV5qdi0fSNIrV8JqMAP+m1RggXqv/N7ta5pJphwVxNpOGKQuyolxnAo2KXUzy1JCR2TAOp4qIpmN8tm1E3zklT5OtPGlHJ6pXydyIq0dy9h3SuKG9qc3FX/zOplLLqKcqzRzTNH5oiQT2Gk8fR33uWHUibEnhBrub8V0SAyhzgdU+l8IzZNqeFo9uzmt1C4XcRThAA7hGEI4hxpcQx0aQOEOHuAJnpFGj+gFvc5bC2gxsw/fgN4+AaNcjy4=</latexit>

Covariant Ohm’s Law: jµsig � j⌫sigu⌫u
µ = �Fµ⌫u⌫

<latexit sha1_base64="fljMEmirghjviJrgck3Y6+R0Ctc=">AAACLXicjVDLSgMxFM3UV62vUZdugkVwY2mlohuhqIjLCvYBnemQSdM2NskMeQhl6A+58VdEcFERt/6GmbaLKgoeCNzzuCQ5Ycyo0sXi2MksLC4tr2RXc2vrG5tb7vZOXUVGYlLDEYtkM0SKMCpITVPNSDOWBPGQkUY4uEz9xgORikbiTg9j4nPUE7RLMdJWCtyr+7bHTZB4kkNFe6Mjy8UcN4Gl0KQheA49K3EEr9uJ5dYYwYkfuPlSoTgB/HvIgxmqgfvidSJsOBEaM6RUq1SMtZ8gqSlmZJTzjCIxwgPUIy07CsSJ8pPJb0fwwCod2I2kPULDiTq/kSCu1JCHNsmR7qufXir+5rWM7p75CRWx0UTg6UVdw6COYFod7FBJsGZDOyAsqX0rxH0kEda24Nz/SqgfF0rlwsltOV+5mNWRBXtgHxyCEjgFFXADqqAGMHgEz2AM3pwn59V5dz6m0Ywz29kF3+B8fgHcIakc</latexit>

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

hTT
ij ei!g(t�z)

<latexit sha1_base64="TlQBVA23MdGYX81jexkv+I6NTp8=">AAACD3icjVC7SgNBFJ31GeMramkzGJRYGHYlomXQxjJCXpDHMju5m4yZ2VlmZoW47B/Y+Cs2ForY2tr5N24ehYqCBy4czrmXe+/xQs60se0Pa25+YXFpObOSXV1b39jMbW3XtYwUhRqVXKqmRzRwFkDNMMOhGSogwuPQ8IYXY79xA0ozGVTNKISOIP2A+YwSk0pu7mDQjdtK4Go1cWN2nWDoxgy3pYA+cfu4YPARvj1M3FzeKdoT4L9JHs1QcXPv7Z6kkYDAUE60bjl2aDoxUYZRDkm2HWkICR2SPrRSGhABuhNP/knwfqr0sC9VWoHBE/XrREyE1iPhpZ2CmIH+6Y3F37xWZPyzTsyCMDIQ0OkiP+LYSDwOB/eYAmr4KCWEKpbeiumAKEJNGmH2fyHUj4tOqXhyVcqXz2dxZNAu2kMF5KBTVEaXqIJqiKI79ICe0LN1bz1aL9brtHXOms3soG+w3j4BMGybeA==</latexit>

�

<latexit sha1_base64="yli/Va5Bs2x8slYOsRvFKIzXpys=">AAAB7XicjVDJSgNBEK2OW4xb1KOXxiB4CjOi6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7y0FFwQcFj/eqqKoXp4JbFwQfqLC0vLK6VlwvbWxube+Ud/eaVmeGsgbVQpt2TCwTXLGG406wdmoYkbFgrXh0NfVb98xYrtWtG6cskmSgeMIpcV5qdi0fSNIrV8JqMAP+m1RggXqv/N7ta5pJphwVxNpOGKQuyolxnAo2KXUzy1JCR2TAOp4qIpmN8tm1E3zklT5OtPGlHJ6pXydyIq0dy9h3SuKG9qc3FX/zOplLLqKcqzRzTNH5oiQT2Gk8fR33uWHUibEnhBrub8V0SAyhzgdU+l8IzZNqeFo9uzmt1C4XcRThAA7hGEI4hxpcQx0aQOEOHuAJnpFGj+gFvc5bC2gxsw/fgN4+AaNcjy4=</latexit>

Covariant Ohm’s Law: jµsig � j⌫sigu⌫u
µ = �Fµ⌫u⌫

<latexit sha1_base64="fljMEmirghjviJrgck3Y6+R0Ctc=">AAACLXicjVDLSgMxFM3UV62vUZdugkVwY2mlohuhqIjLCvYBnemQSdM2NskMeQhl6A+58VdEcFERt/6GmbaLKgoeCNzzuCQ5Ycyo0sXi2MksLC4tr2RXc2vrG5tb7vZOXUVGYlLDEYtkM0SKMCpITVPNSDOWBPGQkUY4uEz9xgORikbiTg9j4nPUE7RLMdJWCtyr+7bHTZB4kkNFe6Mjy8UcN4Gl0KQheA49K3EEr9uJ5dYYwYkfuPlSoTgB/HvIgxmqgfvidSJsOBEaM6RUq1SMtZ8gqSlmZJTzjCIxwgPUIy07CsSJ8pPJb0fwwCod2I2kPULDiTq/kSCu1JCHNsmR7qufXir+5rWM7p75CRWx0UTg6UVdw6COYFod7FBJsGZDOyAsqX0rxH0kEda24Nz/SqgfF0rlwsltOV+5mNWRBXtgHxyCEjgFFXADqqAGMHgEz2AM3pwn59V5dz6m0Ywz29kF3+B8fgHcIakc</latexit>

Current seen by detector in TT frame:

(jsig)
TT ' i

2
�B0!gh+e

i!gt(y, x, 0)

<latexit sha1_base64="4a5kQWp4acYXcZjFP6IP2lDklO0="></latexit>

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

hTT
ij ei!g(t�z)

<latexit sha1_base64="TlQBVA23MdGYX81jexkv+I6NTp8=">AAACD3icjVC7SgNBFJ31GeMramkzGJRYGHYlomXQxjJCXpDHMju5m4yZ2VlmZoW47B/Y+Cs2ForY2tr5N24ehYqCBy4czrmXe+/xQs60se0Pa25+YXFpObOSXV1b39jMbW3XtYwUhRqVXKqmRzRwFkDNMMOhGSogwuPQ8IYXY79xA0ozGVTNKISOIP2A+YwSk0pu7mDQjdtK4Go1cWN2nWDoxgy3pYA+cfu4YPARvj1M3FzeKdoT4L9JHs1QcXPv7Z6kkYDAUE60bjl2aDoxUYZRDkm2HWkICR2SPrRSGhABuhNP/knwfqr0sC9VWoHBE/XrREyE1iPhpZ2CmIH+6Y3F37xWZPyzTsyCMDIQ0OkiP+LYSDwOB/eYAmr4KCWEKpbeiumAKEJNGmH2fyHUj4tOqXhyVcqXz2dxZNAu2kMF5KBTVEaXqIJqiKI79ICe0LN1bz1aL9brtHXOms3soG+w3j4BMGybeA==</latexit>

�

<latexit sha1_base64="yli/Va5Bs2x8slYOsRvFKIzXpys=">AAAB7XicjVDJSgNBEK2OW4xb1KOXxiB4CjOi6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7y0FFwQcFj/eqqKoXp4JbFwQfqLC0vLK6VlwvbWxube+Ud/eaVmeGsgbVQpt2TCwTXLGG406wdmoYkbFgrXh0NfVb98xYrtWtG6cskmSgeMIpcV5qdi0fSNIrV8JqMAP+m1RggXqv/N7ta5pJphwVxNpOGKQuyolxnAo2KXUzy1JCR2TAOp4qIpmN8tm1E3zklT5OtPGlHJ6pXydyIq0dy9h3SuKG9qc3FX/zOplLLqKcqzRzTNH5oiQT2Gk8fR33uWHUibEnhBrub8V0SAyhzgdU+l8IzZNqeFo9uzmt1C4XcRThAA7hGEI4hxpcQx0aQOEOHuAJnpFGj+gFvc5bC2gxsw/fgN4+AaNcjy4=</latexit>

Covariant Ohm’s Law: jµsig � j⌫sigu⌫u
µ = �Fµ⌫u⌫

<latexit sha1_base64="fljMEmirghjviJrgck3Y6+R0Ctc=">AAACLXicjVDLSgMxFM3UV62vUZdugkVwY2mlohuhqIjLCvYBnemQSdM2NskMeQhl6A+58VdEcFERt/6GmbaLKgoeCNzzuCQ5Ycyo0sXi2MksLC4tr2RXc2vrG5tb7vZOXUVGYlLDEYtkM0SKMCpITVPNSDOWBPGQkUY4uEz9xgORikbiTg9j4nPUE7RLMdJWCtyr+7bHTZB4kkNFe6Mjy8UcN4Gl0KQheA49K3EEr9uJ5dYYwYkfuPlSoTgB/HvIgxmqgfvidSJsOBEaM6RUq1SMtZ8gqSlmZJTzjCIxwgPUIy07CsSJ8pPJb0fwwCod2I2kPULDiTq/kSCu1JCHNsmR7qufXir+5rWM7p75CRWx0UTg6UVdw6COYFod7FBJsGZDOyAsqX0rxH0kEda24Nz/SqgfF0rlwsltOV+5mNWRBXtgHxyCEjgFFXADqqAGMHgEz2AM3pwn59V5dz6m0Ywz29kF3+B8fgHcIakc</latexit>

Field seen by detector in LIF frame:

(Esig)
LIF ' i

2
B0!gh+e

i!gt(y, x, 0)

<latexit sha1_base64="/0kQawkNYBFh1l9wOJiJLpgpt9c="></latexit>

Current seen by detector in TT frame:

(jsig)
TT ' i

2
�B0!gh+e

i!gt(y, x, 0)

<latexit sha1_base64="4a5kQWp4acYXcZjFP6IP2lDklO0="></latexit>

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Frame invariance — a toy example BTT
0

<latexit sha1_base64="4t+P2YgzduOw6OTGRaHqzfNcacI=">AAACAnicjVDLSgMxFM3UV62vUVfiJlgEV2UqFV2WunFZoS/ojEMmk2lDM8mQZIQyDG78FTcuFHHrV7jzb8y0XagoeOByD+fcS25OkDCqtON8WKWl5ZXVtfJ6ZWNza3vH3t3rKZFKTLpYMCEHAVKEUU66mmpGBokkKA4Y6QeTy8Lv3xKpqOAdPU2IF6MRpxHFSBvJtw/cQLBQTWPTslbuOzeZK2PY6eS+Xa3XnBng36QKFmj79rsbCpzGhGvMkFLDupNoL0NSU8xIXnFTRRKEJ2hEhoZyFBPlZbMv5PDYKCGMhDTFNZypXzcyFKviSjMZIz1WP71C/M0bpjq68DLKk1QTjucPRSmDWsAiDxhSSbBmU0MQltTcCvEYSYS1Sa3yvxB6p7V6o3Z23ag2W4s4yuAQHIETUAfnoAmuQBt0AQZ34AE8gWfr3nq0XqzX+WjJWuzsg2+w3j4BV4qXZQ==</latexit>

hTT
ij ei!g(t�z)

<latexit sha1_base64="TlQBVA23MdGYX81jexkv+I6NTp8=">AAACD3icjVC7SgNBFJ31GeMramkzGJRYGHYlomXQxjJCXpDHMju5m4yZ2VlmZoW47B/Y+Cs2ForY2tr5N24ehYqCBy4czrmXe+/xQs60se0Pa25+YXFpObOSXV1b39jMbW3XtYwUhRqVXKqmRzRwFkDNMMOhGSogwuPQ8IYXY79xA0ozGVTNKISOIP2A+YwSk0pu7mDQjdtK4Go1cWN2nWDoxgy3pYA+cfu4YPARvj1M3FzeKdoT4L9JHs1QcXPv7Z6kkYDAUE60bjl2aDoxUYZRDkm2HWkICR2SPrRSGhABuhNP/knwfqr0sC9VWoHBE/XrREyE1iPhpZ2CmIH+6Y3F37xWZPyzTsyCMDIQ0OkiP+LYSDwOB/eYAmr4KCWEKpbeiumAKEJNGmH2fyHUj4tOqXhyVcqXz2dxZNAu2kMF5KBTVEaXqIJqiKI79ICe0LN1bz1aL9brtHXOms3soG+w3j4BMGybeA==</latexit>

�

<latexit sha1_base64="yli/Va5Bs2x8slYOsRvFKIzXpys=">AAAB7XicjVDJSgNBEK2OW4xb1KOXxiB4CjOi6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7y0FFwQcFj/eqqKoXp4JbFwQfqLC0vLK6VlwvbWxube+Ud/eaVmeGsgbVQpt2TCwTXLGG406wdmoYkbFgrXh0NfVb98xYrtWtG6cskmSgeMIpcV5qdi0fSNIrV8JqMAP+m1RggXqv/N7ta5pJphwVxNpOGKQuyolxnAo2KXUzy1JCR2TAOp4qIpmN8tm1E3zklT5OtPGlHJ6pXydyIq0dy9h3SuKG9qc3FX/zOplLLqKcqzRzTNH5oiQT2Gk8fR33uWHUibEnhBrub8V0SAyhzgdU+l8IzZNqeFo9uzmt1C4XcRThAA7hGEI4hxpcQx0aQOEOHuAJnpFGj+gFvc5bC2gxsw/fgN4+AaNcjy4=</latexit>

Covariant Ohm’s Law: jµsig � j⌫sigu⌫u
µ = �Fµ⌫u⌫

<latexit sha1_base64="fljMEmirghjviJrgck3Y6+R0Ctc=">AAACLXicjVDLSgMxFM3UV62vUZdugkVwY2mlohuhqIjLCvYBnemQSdM2NskMeQhl6A+58VdEcFERt/6GmbaLKgoeCNzzuCQ5Ycyo0sXi2MksLC4tr2RXc2vrG5tb7vZOXUVGYlLDEYtkM0SKMCpITVPNSDOWBPGQkUY4uEz9xgORikbiTg9j4nPUE7RLMdJWCtyr+7bHTZB4kkNFe6Mjy8UcN4Gl0KQheA49K3EEr9uJ5dYYwYkfuPlSoTgB/HvIgxmqgfvidSJsOBEaM6RUq1SMtZ8gqSlmZJTzjCIxwgPUIy07CsSJ8pPJb0fwwCod2I2kPULDiTq/kSCu1JCHNsmR7qufXir+5rWM7p75CRWx0UTg6UVdw6COYFod7FBJsGZDOyAsqX0rxH0kEda24Nz/SqgfF0rlwsltOV+5mNWRBXtgHxyCEjgFFXADqqAGMHgEz2AM3pwn59V5dz6m0Ywz29kF3+B8fgHcIakc</latexit>

Field seen by detector in LIF frame:

(Esig)
LIF ' i

2
B0!gh+e

i!gt(y, x, 0)

<latexit sha1_base64="/0kQawkNYBFh1l9wOJiJLpgpt9c="></latexit>

Current seen by detector in TT frame:

(jsig)
TT ' i

2
�B0!gh+e

i!gt(y, x, 0)

<latexit sha1_base64="4a5kQWp4acYXcZjFP6IP2lDklO0="></latexit>

Confidence restored

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 
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Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Proper Detector Frame — complication
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Textbooks give long-wavelength approximation

ds2 ' �dt2
�
1 +R0i0jx

ixj + . . .
�
+ 2dtdxi

✓
�2

3
R0ijkx

jxk + . . .

◆
+ dxidxj

✓
�ij �

1

3
Rikjlx

kxl

◆

<latexit sha1_base64="nZeGCRBCfSZlwq8IZiMUnEfnjUQ="></latexit>

e.g. Maggiore (2007)

!g Rcav ⌧ 1

<latexit sha1_base64="Jtn1/C3ica8AG63v8tzGS4qENlY=">AAACBHicjVC7SgNBFJ2Nrxhfq5ZpBoNgISErES2DNpZRzAOyyzI7md0MmccyMxsISwobf8XGQhFbP8LOv3HyKFQUPHDhcM693HtPlDKqTa324RSWlldW14rrpY3Nre0dd3evrWWmMGlhyaTqRkgTRgVpGWoY6aaKIB4x0omGl1O/MyJKUyluzTglAUeJoDHFyFgpdMu+5CRBYeIf34S5rzjEaDSBPmPQC92KV63NAP8mFbBAM3Tf/b7EGSfCYIa07nm11AQ5UoZiRiYlP9MkRXiIEtKzVCBOdJDPnpjAQ6v0YSyVLWHgTP06kSOu9ZhHtpMjM9A/van4m9fLTHwe5FSkmSECzxfFGYNGwmkisE8VwYaNLUFYUXsrxAOkEDY2t9L/QmifVL169fS6XmlcLOIogjI4AEfAA2egAa5AE7QABnfgATyBZ+feeXRenNd5a8FZzOyDb3DePgF9uZda</latexit>

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

Proper Detector Frame — complication
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Textbooks give long-wavelength approximation

ds2 ' �dt2
�
1 +R0i0jx

ixj + . . .
�
+ 2dtdxi

✓
�2

3
R0ijkx

jxk + . . .

◆
+ dxidxj

✓
�ij �

1

3
Rikjlx

kxl

◆

<latexit sha1_base64="nZeGCRBCfSZlwq8IZiMUnEfnjUQ="></latexit>

e.g. Maggiore (2007)

!g Rcav ⌧ 1

<latexit sha1_base64="Jtn1/C3ica8AG63v8tzGS4qENlY=">AAACBHicjVC7SgNBFJ2Nrxhfq5ZpBoNgISErES2DNpZRzAOyyzI7md0MmccyMxsISwobf8XGQhFbP8LOv3HyKFQUPHDhcM693HtPlDKqTa324RSWlldW14rrpY3Nre0dd3evrWWmMGlhyaTqRkgTRgVpGWoY6aaKIB4x0omGl1O/MyJKUyluzTglAUeJoDHFyFgpdMu+5CRBYeIf34S5rzjEaDSBPmPQC92KV63NAP8mFbBAM3Tf/b7EGSfCYIa07nm11AQ5UoZiRiYlP9MkRXiIEtKzVCBOdJDPnpjAQ6v0YSyVLWHgTP06kSOu9ZhHtpMjM9A/van4m9fLTHwe5FSkmSECzxfFGYNGwmkisE8VwYaNLUFYUXsrxAOkEDY2t9L/QmifVL169fS6XmlcLOIogjI4AEfAA2egAa5AE7QABnfgATyBZ+feeXRenNd5a8FZzOyDb3DePgF9uZda</latexit>

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

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="i5aB+YoJjj0QVSAO+My4TUS09EM=">AAACBHicjZDLSgMxGIUz9VbrbdRlN8EiuCozUtGNUHTjsoK9QDsMmTQzDc1lSDJCGbpw46u4caGIWx/CnW9j2s5CRcEDgcN3/p8kJ0oZ1cbzPpzS0vLK6lp5vbKxubW94+7udbTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+HKWd2+J0lSKGzNJScBRImhMMTIWhW51IDlJUJgPFIeaJlN4DguUhG7Nr3tzwb9NDRRqhe77YChxxokwmCGt+76XmiBHylDMyLQyyDRJER6jhPStFYgTHeTzT0zhoSVDGEtljzBwTr9u5IhrPeGRneTIjPTPbAZ/y/qZic+CnIo0M0TgxUVxxqCRcNYIHFJFsGETaxBW1L4V4hFSCBvbW+V/JXSO636jfnLdqDUvijrKoAoOwBHwwSlogivQAm2AwR14AE/g2bl3Hp0X53UxWnKKnX3wTc7bJyNVl8Y=</latexit>
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Textbooks give long-wavelength approximation

ds2 ' �dt2
�
1 +R0i0jx

ixj + . . .
�
+ 2dtdxi
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R0ijkx
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1

3
Rikjlx

kxl
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<latexit sha1_base64="nZeGCRBCfSZlwq8IZiMUnEfnjUQ="></latexit>

e.g. Maggiore (2007)

!g Rcav ⌧ 1

<latexit sha1_base64="Jtn1/C3ica8AG63v8tzGS4qENlY=">AAACBHicjVC7SgNBFJ2Nrxhfq5ZpBoNgISErES2DNpZRzAOyyzI7md0MmccyMxsISwobf8XGQhFbP8LOv3HyKFQUPHDhcM693HtPlDKqTa324RSWlldW14rrpY3Nre0dd3evrWWmMGlhyaTqRkgTRgVpGWoY6aaKIB4x0omGl1O/MyJKUyluzTglAUeJoDHFyFgpdMu+5CRBYeIf34S5rzjEaDSBPmPQC92KV63NAP8mFbBAM3Tf/b7EGSfCYIa07nm11AQ5UoZiRiYlP9MkRXiIEtKzVCBOdJDPnpjAQ6v0YSyVLWHgTP06kSOu9ZhHtpMjM9A/van4m9fLTHwe5FSkmSECzxfFGYNGwmkisE8VwYaNLUFYUXsrxAOkEDY2t9L/QmifVL169fS6XmlcLOIogjI4AEfAA2egAa5AE7QABnfgATyBZ+feeXRenNd5a8FZzOyDb3DePgF9uZda</latexit>

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

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="i5aB+YoJjj0QVSAO+My4TUS09EM=">AAACBHicjZDLSgMxGIUz9VbrbdRlN8EiuCozUtGNUHTjsoK9QDsMmTQzDc1lSDJCGbpw46u4caGIWx/CnW9j2s5CRcEDgcN3/p8kJ0oZ1cbzPpzS0vLK6lp5vbKxubW94+7udbTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+HKWd2+J0lSKGzNJScBRImhMMTIWhW51IDlJUJgPFIeaJlN4DguUhG7Nr3tzwb9NDRRqhe77YChxxokwmCGt+76XmiBHylDMyLQyyDRJER6jhPStFYgTHeTzT0zhoSVDGEtljzBwTr9u5IhrPeGRneTIjPTPbAZ/y/qZic+CnIo0M0TgxUVxxqCRcNYIHFJFsGETaxBW1L4V4hFSCBvbW+V/JXSO636jfnLdqDUvijrKoAoOwBHwwSlogivQAm2AwR14AE/g2bl3Hp0X53UxWnKKnX3wTc7bJyNVl8Y=</latexit>

!sig ⇠ O(1)/Rcav

<latexit sha1_base64="eJIjlO5Je01kVCR2gzzsY+2aPrY=">AAACGXicjVDLSsNAFJ3UV62vqks3g0Wom5pIRZdFN+6sYh/QhHAznaRDZ5IwMymUkN9w46+4caGIS135N6aPhYqCBy4czrmXe+/xYs6UNs0Po7CwuLS8Ulwtra1vbG6Vt3faKkokoS0S8Uh2PVCUs5C2NNOcdmNJQXicdrzhxcTvjKhULApv9TimjoAgZD4joHPJLZt2JGgAbmpLgRULMmwrJrAtQA8I8PQqq1qHRzczn8Aoc8sVq2ZOgf8mFTRH0y2/2f2IJIKGmnBQqmeZsXZSkJoRTrOSnSgaAxlCQHs5DUFQ5aTTzzJ8kCt97Ecyr1Djqfp1IgWh1Fh4eefkYvXTm4i/eb1E+2dOysI40TQks0V+wrGO8CQm3GeSEs3HOQEiWX4rJgOQQHQeZul/IbSPa1a9dnJdrzTO53EU0R7aR1VkoVPUQJeoiVqIoDv0gJ7Qs3FvPBovxuustWDMZ3bRNxjvn/HSoEE=</latexit>
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Textbooks give long-wavelength approximation
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<latexit sha1_base64="nZeGCRBCfSZlwq8IZiMUnEfnjUQ="></latexit>

e.g. Maggiore (2007)

!g Rcav ⌧ 1

<latexit sha1_base64="Jtn1/C3ica8AG63v8tzGS4qENlY=">AAACBHicjVC7SgNBFJ2Nrxhfq5ZpBoNgISErES2DNpZRzAOyyzI7md0MmccyMxsISwobf8XGQhFbP8LOv3HyKFQUPHDhcM693HtPlDKqTa324RSWlldW14rrpY3Nre0dd3evrWWmMGlhyaTqRkgTRgVpGWoY6aaKIB4x0omGl1O/MyJKUyluzTglAUeJoDHFyFgpdMu+5CRBYeIf34S5rzjEaDSBPmPQC92KV63NAP8mFbBAM3Tf/b7EGSfCYIa07nm11AQ5UoZiRiYlP9MkRXiIEtKzVCBOdJDPnpjAQ6v0YSyVLWHgTP06kSOu9ZhHtpMjM9A/van4m9fLTHwe5FSkmSECzxfFGYNGwmkisE8VwYaNLUFYUXsrxAOkEDY2t9L/QmifVL169fS6XmlcLOIogjI4AEfAA2egAa5AE7QABnfgATyBZ+feeXRenNd5a8FZzOyDb3DePgF9uZda</latexit>

Calculating the signal: Framing

⌘µ⌫ = (�,+,+,+)

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

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="i5aB+YoJjj0QVSAO+My4TUS09EM=">AAACBHicjZDLSgMxGIUz9VbrbdRlN8EiuCozUtGNUHTjsoK9QDsMmTQzDc1lSDJCGbpw46u4caGIWx/CnW9j2s5CRcEDgcN3/p8kJ0oZ1cbzPpzS0vLK6lp5vbKxubW94+7udbTMFCZtLJlUvQhpwqggbUMNI71UEcQjRrrR+HKWd2+J0lSKGzNJScBRImhMMTIWhW51IDlJUJgPFIeaJlN4DguUhG7Nr3tzwb9NDRRqhe77YChxxokwmCGt+76XmiBHylDMyLQyyDRJER6jhPStFYgTHeTzT0zhoSVDGEtljzBwTr9u5IhrPeGRneTIjPTPbAZ/y/qZic+CnIo0M0TgxUVxxqCRcNYIHFJFsGETaxBW1L4V4hFSCBvbW+V/JXSO636jfnLdqDUvijrKoAoOwBHwwSlogivQAm2AwR14AE/g2bl3Hp0X53UxWnKKnX3wTc7bJyNVl8Y=</latexit>

!sig ⇠ O(1)/Rcav

<latexit sha1_base64="eJIjlO5Je01kVCR2gzzsY+2aPrY=">AAACGXicjVDLSsNAFJ3UV62vqks3g0Wom5pIRZdFN+6sYh/QhHAznaRDZ5IwMymUkN9w46+4caGIS135N6aPhYqCBy4czrmXe+/xYs6UNs0Po7CwuLS8Ulwtra1vbG6Vt3faKkokoS0S8Uh2PVCUs5C2NNOcdmNJQXicdrzhxcTvjKhULApv9TimjoAgZD4joHPJLZt2JGgAbmpLgRULMmwrJrAtQA8I8PQqq1qHRzczn8Aoc8sVq2ZOgf8mFTRH0y2/2f2IJIKGmnBQqmeZsXZSkJoRTrOSnSgaAxlCQHs5DUFQ5aTTzzJ8kCt97Ecyr1Djqfp1IgWh1Fh4eefkYvXTm4i/eb1E+2dOysI40TQks0V+wrGO8CQm3GeSEs3HOQEiWX4rJgOQQHQeZul/IbSPa1a9dnJdrzTO53EU0R7aR1VkoVPUQJeoiVqIoDv0gJ7Qs3FvPBovxuustWDMZ3bRNxjvn/HSoEE=</latexit>

Long-wavelength limit invalid!
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Textbooks give long-wavelength approximation
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<latexit sha1_base64="nZeGCRBCfSZlwq8IZiMUnEfnjUQ="></latexit>

e.g. Maggiore (2007)

!g Rcav ⌧ 1
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Proper Detector Frame — complication
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Long-wavelength limit invalid!
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Solution — GW as sum of plane waves
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Märzlin (1994), Rakhmanov (2014)
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Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (PRD 2021) 
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Another Axion Cavity for GWs?  teaser
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Summary

High-frequency Gravitational Waves — high risk/high reward

Previous studies of resonant cavities for GWs: incorrect and incomplete — frame crucial
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Summary
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Summary

High-frequency Gravitational Waves — high risk/high reward

Previous studies of resonant cavities for GWs: incorrect and incomplete — frame crucial

Axion cavities can be used for GWs

Known BSM sources require IMMENSE luck Any new sources?
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Are resonant cavities the best we can do in radio band?

How can we improve sensitivity of detectors to push further?

Possible to somehow measure linear in h ?

Food for thought…
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*aside on a curiosity of the result
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Note apparent growth with distance in h00, h0i:

z ⇠ 1/!g

<latexit sha1_base64="VLUjZQyRbf5D1M5r/38kPrc99lk=">AAAB+XicjVDLSsNAFL3xWesr6tLNYBFc1UYquiy6cVnBPqAJYTKdpENnMmFmUqihf+LGhSJu/RN3/o3Tx0JFwQMXDufcyz2cKONMm1rtw1laXlldWy9tlDe3tnd23b39tpa5IrRFJJeqG2FNOUtpyzDDaTdTFIuI0040vJ76nRFVmsn0zowzGgicpCxmBBsrha5772smkHfqS0ETHCahW/GqtRnQ36QCCzRD993vS5ILmhrCsdY9r5aZoMDKMMLppOznmmaYDHFCe5amWFAdFLPkE3RslT6KpbKTGjRTv14UWGg9FpHdFNgM9E9vKv7m9XITXwYFS7Pc0JTMH8U5R0aiaQ2ozxQlho8twUQxmxWRAVaYGFtW+X8ltM+qXr16fluvNK4WdZTgEI7gBDy4gAbcQBNaQGAED/AEz07hPDovzut8dclZ3BzANzhvn8tfkyA=</latexit>

�µ
⇢� ⇠ 0

<latexit sha1_base64="l/gdWtOEBMqKVhsFiXrjIlETOEU=">AAACCHicjVDLSsNAFJ34rPUVdenCwSK4KolUdFl0ocsK9gFNDDfTSTt0ZhJmJkIJXbrxV9y4UMStn+DOvzFpu1BR8MAwh3Pu5d57woQzbRznw5qbX1hcWi6tlFfX1jc27a3tlo5TRWiTxDxWnRA05UzSpmGG006iKIiQ03Y4PC/89i1VmsXy2owS6gvoSxYxAiaXAnvPuwAh4MYTaZB5ahBjT7O+gHHxC+wEdsWtOhPgv0kFzdAI7HevF5NUUGkIB627rpMYPwNlGOF0XPZSTRMgQ+jTbk4lCKr9bHLIGB/kSg9HscqfNHiifu3IQGg9EmFeKcAM9E+vEH/zuqmJTv2MySQ1VJLpoCjl2MS4SAX3mKLE8FFOgCiW74rJABQQk2dX/l8IraOqW6seX9Uq9bNZHCW0i/bRIXLRCaqjS9RATUTQHXpAT+jZurcerRfrdVo6Z816dtA3WG+fHiCZZQ==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

*aside on a curiosity of the result

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

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (2021) 

Note apparent growth with distance in h00, h0i:

z ⇠ 1/!g

<latexit sha1_base64="VLUjZQyRbf5D1M5r/38kPrc99lk=">AAAB+XicjVDLSsNAFL3xWesr6tLNYBFc1UYquiy6cVnBPqAJYTKdpENnMmFmUqihf+LGhSJu/RN3/o3Tx0JFwQMXDufcyz2cKONMm1rtw1laXlldWy9tlDe3tnd23b39tpa5IrRFJJeqG2FNOUtpyzDDaTdTFIuI0040vJ76nRFVmsn0zowzGgicpCxmBBsrha5772smkHfqS0ETHCahW/GqtRnQ36QCCzRD993vS5ILmhrCsdY9r5aZoMDKMMLppOznmmaYDHFCe5amWFAdFLPkE3RslT6KpbKTGjRTv14UWGg9FpHdFNgM9E9vKv7m9XITXwYFS7Pc0JTMH8U5R0aiaQ2ozxQlho8twUQxmxWRAVaYGFtW+X8ltM+qXr16fluvNK4WdZTgEI7gBDy4gAbcQBNaQGAED/AEz07hPDovzut8dclZ3BzANzhvn8tfkyA=</latexit>

�µ
⇢� ⇠ 0

<latexit sha1_base64="l/gdWtOEBMqKVhsFiXrjIlETOEU=">AAACCHicjVDLSsNAFJ34rPUVdenCwSK4KolUdFl0ocsK9gFNDDfTSTt0ZhJmJkIJXbrxV9y4UMStn+DOvzFpu1BR8MAwh3Pu5d57woQzbRznw5qbX1hcWi6tlFfX1jc27a3tlo5TRWiTxDxWnRA05UzSpmGG006iKIiQ03Y4PC/89i1VmsXy2owS6gvoSxYxAiaXAnvPuwAh4MYTaZB5ahBjT7O+gHHxC+wEdsWtOhPgv0kFzdAI7HevF5NUUGkIB627rpMYPwNlGOF0XPZSTRMgQ+jTbk4lCKr9bHLIGB/kSg9HscqfNHiifu3IQGg9EmFeKcAM9E+vEH/zuqmJTv2MySQ1VJLpoCjl2MS4SAX3mKLE8FFOgCiW74rJABQQk2dX/l8IraOqW6seX9Uq9bNZHCW0i/bRIXLRCaqjS9RATUTQHXpAT+jZurcerRfrdVo6Z816dtA3WG+fHiCZZQ==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

*aside on a curiosity of the result

⌘µ⌫ = (�,+,+,+)

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

h00 = �2R0m0nx
mxn
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(!gz)2

◆
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(!gz)2
� i

1� e�i!gz
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� 2i

1� e�i!gz
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◆

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

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (2021) 

Note apparent growth with distance in h00, h0i:

LIF constructed around point where Christoffels vanish

z ⇠ 1/!g

<latexit sha1_base64="VLUjZQyRbf5D1M5r/38kPrc99lk=">AAAB+XicjVDLSsNAFL3xWesr6tLNYBFc1UYquiy6cVnBPqAJYTKdpENnMmFmUqihf+LGhSJu/RN3/o3Tx0JFwQMXDufcyz2cKONMm1rtw1laXlldWy9tlDe3tnd23b39tpa5IrRFJJeqG2FNOUtpyzDDaTdTFIuI0040vJ76nRFVmsn0zowzGgicpCxmBBsrha5772smkHfqS0ETHCahW/GqtRnQ36QCCzRD993vS5ILmhrCsdY9r5aZoMDKMMLppOznmmaYDHFCe5amWFAdFLPkE3RslT6KpbKTGjRTv14UWGg9FpHdFNgM9E9vKv7m9XITXwYFS7Pc0JTMH8U5R0aiaQ2ozxQlho8twUQxmxWRAVaYGFtW+X8ltM+qXr16fluvNK4WdZTgEI7gBDy4gAbcQBNaQGAED/AEz07hPDovzut8dclZ3BzANzhvn8tfkyA=</latexit>

�µ
⇢� ⇠ 0

<latexit sha1_base64="l/gdWtOEBMqKVhsFiXrjIlETOEU=">AAACCHicjVDLSsNAFJ34rPUVdenCwSK4KolUdFl0ocsK9gFNDDfTSTt0ZhJmJkIJXbrxV9y4UMStn+DOvzFpu1BR8MAwh3Pu5d57woQzbRznw5qbX1hcWi6tlFfX1jc27a3tlo5TRWiTxDxWnRA05UzSpmGG006iKIiQ03Y4PC/89i1VmsXy2owS6gvoSxYxAiaXAnvPuwAh4MYTaZB5ahBjT7O+gHHxC+wEdsWtOhPgv0kFzdAI7HevF5NUUGkIB627rpMYPwNlGOF0XPZSTRMgQ+jTbk4lCKr9bHLIGB/kSg9HscqfNHiifu3IQGg9EmFeKcAM9E+vEH/zuqmJTv2MySQ1VJLpoCjl2MS4SAX3mKLE8FFOgCiW74rJABQQk2dX/l8IraOqW6seX9Uq9bNZHCW0i/bRIXLRCaqjS9RATUTQHXpAT+jZurcerRfrdVo6Z816dtA3WG+fHiCZZQ==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

*aside on a curiosity of the result

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

Berlin, Blas, D’Agnolo, SARE, Harnik, Kahn, Schutte-Engel (2021) 

Note apparent growth with distance in h00, h0i:

LIF constructed around point where Christoffels vanish

At distances               the assumption that             breaks downz ⇠ 1/!g

<latexit sha1_base64="VLUjZQyRbf5D1M5r/38kPrc99lk=">AAAB+XicjVDLSsNAFL3xWesr6tLNYBFc1UYquiy6cVnBPqAJYTKdpENnMmFmUqihf+LGhSJu/RN3/o3Tx0JFwQMXDufcyz2cKONMm1rtw1laXlldWy9tlDe3tnd23b39tpa5IrRFJJeqG2FNOUtpyzDDaTdTFIuI0040vJ76nRFVmsn0zowzGgicpCxmBBsrha5772smkHfqS0ETHCahW/GqtRnQ36QCCzRD993vS5ILmhrCsdY9r5aZoMDKMMLppOznmmaYDHFCe5amWFAdFLPkE3RslT6KpbKTGjRTv14UWGg9FpHdFNgM9E9vKv7m9XITXwYFS7Pc0JTMH8U5R0aiaQ2ozxQlho8twUQxmxWRAVaYGFtW+X8ltM+qXr16fluvNK4WdZTgEI7gBDy4gAbcQBNaQGAED/AEz07hPDovzut8dclZ3BzANzhvn8tfkyA=</latexit>

�µ
⇢� ⇠ 0

<latexit sha1_base64="l/gdWtOEBMqKVhsFiXrjIlETOEU=">AAACCHicjVDLSsNAFJ34rPUVdenCwSK4KolUdFl0ocsK9gFNDDfTSTt0ZhJmJkIJXbrxV9y4UMStn+DOvzFpu1BR8MAwh3Pu5d57woQzbRznw5qbX1hcWi6tlFfX1jc27a3tlo5TRWiTxDxWnRA05UzSpmGG006iKIiQ03Y4PC/89i1VmsXy2owS6gvoSxYxAiaXAnvPuwAh4MYTaZB5ahBjT7O+gHHxC+wEdsWtOhPgv0kFzdAI7HevF5NUUGkIB627rpMYPwNlGOF0XPZSTRMgQ+jTbk4lCKr9bHLIGB/kSg9HscqfNHiifu3IQGg9EmFeKcAM9E+vEH/zuqmJTv2MySQ1VJLpoCjl2MS4SAX3mKLE8FFOgCiW74rJABQQk2dX/l8IraOqW6seX9Uq9bNZHCW0i/bRIXLRCaqjS9RATUTQHXpAT+jZurcerRfrdVo6Z816dtA3WG+fHiCZZQ==</latexit>



Sebastian A. R. Ellis — Axion Cavities for Radio Gravity PRISMA+ Colloquium, April 19th 2023

MAGO 2.0 Mechanical Signal

E0

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

E1

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

drive

<latexit sha1_base64="eiiwnOgOJrtOEijK1ZQaddbwuzU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPRi8cKpi20oWw2k3bpZhN2N4US+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IOVMacf5tkobm1vbO+Xdyt7+weFR9fikrZJMUvRowhPZDYhCzgR6mmmO3VQiiQOOnWB8P/c7E5SKJeJJT1P0YzIULGKUaCN5oWQTHFRrTt1ZwF4nbkFqUKA1qH71w4RmMQpNOVGq5zqp9nMiNaMcZ5V+pjAldEyG2DNUkBiVny+OndkXRgntKJGmhLYX6u+JnMRKTePAdMZEj9SqNxf/83qZjm79nIk00yjoclGUcVsn9vxzO2QSqeZTQwiVzNxq0xGRhGqTT8WE4K6+vE7ajbp7Vb9+bNSad0UcZTiDc7gEF26gCQ/QAg8oMHiGV3izhPVivVsfy9aSVcycwh9Ynz/5sI7M</latexit>

readout

<latexit sha1_base64="BI+SalHtPem58yRTjqgoCwoYl0w=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQouiy6cVnBPqANZTKZtEMnkzBzI5TQj3DjQhG3fo87/8Zpm4W2Hhg4nHMuc+8JUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4Lx3czvPHFtRKIecZJyP6ZDJSLBKFqpY6NhkuGgUnVr7hxklXgFqUKB5qDy1Q8TlsVcIZPUmJ7npujnVKNgkk/L/czwlLIxHfKepYrG3Pj5fN0pObdKSKJE26eQzNXfEzmNjZnEgU3GFEdm2ZuJ/3m9DKMbPxcqzZArtvgoyiTBhMxuJ6HQnKGcWEKZFnZXwkZUU4a2obItwVs+eZW06zXvsnb1UK82bos6SnAKZ3ABHlxDA+6hCS1gMIZneIU3J3VenHfnYxFdc4qZE/gD5/MHkoqPug==</latexit>

⌘mech
e

<latexit sha1_base64="vxzGaZ0oaY0Hncgu1B/19SKleHs="></latexit>

!g

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

⌘gmech

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

!p

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

!0 !1

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

Mechanical coupling to EM:
✓
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<latexit sha1_base64="dmLGRZueZTMaaNV6XAG3mFGyP58="></latexit>
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MAGO 2.0 Mechanical Signal

E0

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

E1

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

drive

<latexit sha1_base64="eiiwnOgOJrtOEijK1ZQaddbwuzU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPRi8cKpi20oWw2k3bpZhN2N4US+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IOVMacf5tkobm1vbO+Xdyt7+weFR9fikrZJMUvRowhPZDYhCzgR6mmmO3VQiiQOOnWB8P/c7E5SKJeJJT1P0YzIULGKUaCN5oWQTHFRrTt1ZwF4nbkFqUKA1qH71w4RmMQpNOVGq5zqp9nMiNaMcZ5V+pjAldEyG2DNUkBiVny+OndkXRgntKJGmhLYX6u+JnMRKTePAdMZEj9SqNxf/83qZjm79nIk00yjoclGUcVsn9vxzO2QSqeZTQwiVzNxq0xGRhGqTT8WE4K6+vE7ajbp7Vb9+bNSad0UcZTiDc7gEF26gCQ/QAg8oMHiGV3izhPVivVsfy9aSVcycwh9Ynz/5sI7M</latexit>

readout

<latexit sha1_base64="BI+SalHtPem58yRTjqgoCwoYl0w=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQouiy6cVnBPqANZTKZtEMnkzBzI5TQj3DjQhG3fo87/8Zpm4W2Hhg4nHMuc+8JUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4Lx3czvPHFtRKIecZJyP6ZDJSLBKFqpY6NhkuGgUnVr7hxklXgFqUKB5qDy1Q8TlsVcIZPUmJ7npujnVKNgkk/L/czwlLIxHfKepYrG3Pj5fN0pObdKSKJE26eQzNXfEzmNjZnEgU3GFEdm2ZuJ/3m9DKMbPxcqzZArtvgoyiTBhMxuJ6HQnKGcWEKZFnZXwkZUU4a2obItwVs+eZW06zXvsnb1UK82bos6SnAKZ3ABHlxDA+6hCS1gMIZneIU3J3VenHfnYxFdc4qZE/gD5/MHkoqPug==</latexit>

⌘mech
e

<latexit sha1_base64="vxzGaZ0oaY0Hncgu1B/19SKleHs="></latexit>

!g

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

⌘gmech

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

!p

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

!0 !1

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

Mechanical coupling to EM:

Integral over deformation to cavity volume
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<latexit sha1_base64="dmLGRZueZTMaaNV6XAG3mFGyP58="></latexit>
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MAGO 2.0 Mechanical Signal

Power in a heterodyne setup from monochromatic source
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<latexit sha1_base64="wk6xqe4Ds1sD9QUz7RFZZTIjmYw="></latexit>

E0

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

E1

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

drive

<latexit sha1_base64="eiiwnOgOJrtOEijK1ZQaddbwuzU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPRi8cKpi20oWw2k3bpZhN2N4US+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IOVMacf5tkobm1vbO+Xdyt7+weFR9fikrZJMUvRowhPZDYhCzgR6mmmO3VQiiQOOnWB8P/c7E5SKJeJJT1P0YzIULGKUaCN5oWQTHFRrTt1ZwF4nbkFqUKA1qH71w4RmMQpNOVGq5zqp9nMiNaMcZ5V+pjAldEyG2DNUkBiVny+OndkXRgntKJGmhLYX6u+JnMRKTePAdMZEj9SqNxf/83qZjm79nIk00yjoclGUcVsn9vxzO2QSqeZTQwiVzNxq0xGRhGqTT8WE4K6+vE7ajbp7Vb9+bNSad0UcZTiDc7gEF26gCQ/QAg8oMHiGV3izhPVivVsfy9aSVcycwh9Ynz/5sI7M</latexit>

readout

<latexit sha1_base64="BI+SalHtPem58yRTjqgoCwoYl0w=">AAAB7nicbVDLSsNAFL3xWeur6tLNYBFclaQouiy6cVnBPqANZTKZtEMnkzBzI5TQj3DjQhG3fo87/8Zpm4W2Hhg4nHMuc+8JUikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3A2q4FIq3UKDk3VRzGgeSd4Lx3czvPHFtRKIecZJyP6ZDJSLBKFqpY6NhkuGgUnVr7hxklXgFqUKB5qDy1Q8TlsVcIZPUmJ7npujnVKNgkk/L/czwlLIxHfKepYrG3Pj5fN0pObdKSKJE26eQzNXfEzmNjZnEgU3GFEdm2ZuJ/3m9DKMbPxcqzZArtvgoyiTBhMxuJ6HQnKGcWEKZFnZXwkZUU4a2obItwVs+eZW06zXvsnb1UK82bos6SnAKZ3ABHlxDA+6hCS1gMIZneIU3J3VenHfnYxFdc4qZE/gD5/MHkoqPug==</latexit>

⌘mech
e

<latexit sha1_base64="vxzGaZ0oaY0Hncgu1B/19SKleHs="></latexit>

!g

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

⌘gmech

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

!p

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

!0 !1

<latexit sha1_base64="Qxn0pN17ntnksGcBAgw8Vp20ZCk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99pSgQ9wPUL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBipV2JS2aq78nMiyMmYjIdQpsR2bZm4n/ed3UxtdhxmSSWirJYlGccmQVmn2PBkxTYvnEEUw0c7ciMsIaE+syKrkQguWXV0nrohrUqpf3tUr9Jo+jCCdwCucQwBXU4Q4a0AQCAp7hFd487b14797HorXg5TPH8Afe5w8UlY/x</latexit>
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Another Axion Cavity for GWs?  noise-equivalent strain PSD
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