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<latexit sha1_base64="ptI+tgHKzy4mpJzdegWrWzzGrzE=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RTAwkS5id9G6GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkESymFFindTpKQEJ6Sf9as2v+zPgZRIUpIYKNPvVr95A0UyAtJQTY7qBn9owJ9oyymFS6WUGUkJHJIGuo5IIMGE+u3eCT5wywLHSrqTFM/X3RE6EMWMRuU5B7NAselPxP6+b2fgqzJlMMwuSzhfFGcdW4enzeMA0UMvHjhCqmbsV0yHRhFoXUcWFECy+vEzaZ/Xgou7fndca10UcZXSEjtEpCtAlaqBb1EQtRBFHz+gVvXmP3ov37n3MW0teMXOI/sD7/AENFI/6</latexit>!g

<latexit sha1_base64="IL5ogvxXFwuwvgGOungGtHQ7dYg=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahuiiJFHXhouimywp9QRPCZDJph04ezEyEErJ046+4caGIWz/BnX/jNM1CWw8MHM45lzv3uDGjQhrGt1ZaWV1b3yhvVra2d3b39P2DnogSjkkXRyziAxcJwmhIupJKRgYxJyhwGem7k7uZ338gXNAo7MhpTOwAjULqU4ykkhz92GIq7KFaxzk/gzfQ8jnCqZmlrVzJHL1q1I0ccJmYBamCAm1H/7K8CCcBCSVmSIihacTSThGXFDOSVaxEkBjhCRqRoaIhCoiw0/yQDJ4qxYN+xNULJczV3xMpCoSYBq5KBkiOxaI3E//zhon0r+2UhnEiSYjni/yEQRnBWSvQo5xgyaaKIMyp+ivEY6SqkKq7iirBXDx5mfQu6uZlvXHfqDZvizrK4AicgBowwRVoghZogy7A4BE8g1fwpj1pL9q79jGPlrRi5hD8gfb5A7Tkl+A=</latexit>

�(T⇤) <
1

H(T⇤)
Causality



<latexit sha1_base64="ptI+tgHKzy4mpJzdegWrWzzGrzE=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF48RTAwkS5id9G6GzGOdmRXCkp/w4kERr/6ON//GSbIHTSxoKKq66e6KUs6M9f1vr7Syura+Ud6sbG3v7O5V9w/aRmWaQosqrnQnIgY4k9CyzHLopBqIiDg8RKObqf/wBNowJe/tOIVQkESymFFindTpKQEJ6Sf9as2v+zPgZRIUpIYKNPvVr95A0UyAtJQTY7qBn9owJ9oyymFS6WUGUkJHJIGuo5IIMGE+u3eCT5wywLHSrqTFM/X3RE6EMWMRuU5B7NAselPxP6+b2fgqzJlMMwuSzhfFGcdW4enzeMA0UMvHjhCqmbsV0yHRhFoXUcWFECy+vEzaZ/Xgou7fndca10UcZXSEjtEpCtAlaqBb1EQtRBFHz+gVvXmP3ov37n3MW0teMXOI/sD7/AENFI/6</latexit>!g

<latexit sha1_base64="IL5ogvxXFwuwvgGOungGtHQ7dYg=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahuiiJFHXhouimywp9QRPCZDJph04ezEyEErJ046+4caGIWz/BnX/jNM1CWw8MHM45lzv3uDGjQhrGt1ZaWV1b3yhvVra2d3b39P2DnogSjkkXRyziAxcJwmhIupJKRgYxJyhwGem7k7uZ338gXNAo7MhpTOwAjULqU4ykkhz92GIq7KFaxzk/gzfQ8jnCqZmlrVzJHL1q1I0ccJmYBamCAm1H/7K8CCcBCSVmSIihacTSThGXFDOSVaxEkBjhCRqRoaIhCoiw0/yQDJ4qxYN+xNULJczV3xMpCoSYBq5KBkiOxaI3E//zhon0r+2UhnEiSYjni/yEQRnBWSvQo5xgyaaKIMyp+ivEY6SqkKq7iirBXDx5mfQu6uZlvXHfqDZvizrK4AicgBowwRVoghZogy7A4BE8g1fwpj1pL9q79jGPlrRi5hD8gfb5A7Tkl+A=</latexit>

�(T⇤) <
1

H(T⇤)
Causality

<latexit sha1_base64="04xjNAWQSBTSjKfi3vgqFk7+6BA="></latexit>

!0(T⇤) = !(T⇤)
a(T⇤)

a0
& 100 MHz

✓
T⇤

1015GeV

◆✓
g⇤(T⇤)

100

◆1/6



Berlin, Blas, D’Agnolo, Ellis, Harnik, Kahn, Schutte-Engel, Wentzel
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<latexit sha1_base64="lOyITVRDzbUyht2/QydFYurUbVE=">AAAB8nicdVDLSgMxFM3UV62vqks3wVZwNWTainVX1IUboYp9wHQomUzahmYmQ5IRytDPcONCEbd+jTv/xrQdQUUPXDiccy/33uPHnCmN0IeVW1peWV3Lrxc2Nre2d4q7e20lEkloiwguZNfHinIW0ZZmmtNuLCkOfU47/vhi5nfuqVRMRHd6ElMvxMOIDRjB2kju5fUtDpgo9+vlfrGE7OqZQR0iu4YQclBGUBU6NpqjBDI0+8X3XiBIEtJIE46Vch0Uay/FUjPC6bTQSxSNMRnjIXUNjXBIlZfOT57CI6MEcCCkqUjDufp9IsWhUpPQN50h1iP125uJf3luogd1L2VRnGgakcWiQcKhFnD2PwyYpETziSGYSGZuhWSEJSbapFQwIXx9Cv8n7Yrt1OyTm0qpcZ7FkQcH4BAcAwecgga4Ak3QAgQI8ACewLOlrUfrxXpdtOasbGYf/ID19gko2ZCI</latexit>

Levitated
Disc

<latexit sha1_base64="wctzjJYYgsD0CEjbvcA7zueg5RA=">AAAB9XicdVA9SwNBEN3zM8avqKXNYhCsjr0YMXaiFhYWCiYKSZS9vbm4ZG/v2J1TQsj/sLFQxNb/Yue/cRMjqOiDgcd7M8zMCzMlLTL27k1MTk3PzBbmivMLi0vLpZXVhk1zI6AuUpWay5BbUFJDHSUquMwM8CRUcBF2D4f+xS0YK1N9jr0M2gnvaBlLwdFJVydwK5EjRPRIWnFdKjN/e8+hRplfZYwFbEzYNg18NkKZjHF6XXprRanIE9AoFLe2GbAM231uUAoFg2Irt5Bx0eUdaDqqeQK23R9dPaCbTolonBpXGulI/T7R54m1vSR0nQnHG/vbG4p/ec0c41q7L3WWI2jxuSjOFcWUDiOgkTQgUPUc4cJIdysVN9xwgS6oogvh61P6P2lU/KDq75xVyvsH4zgKZJ1skC0SkF2yT47JKakTQQy5J4/kybvzHrxn7+WzdcIbz6yRH/BePwCJZJKM</latexit>

Levitated
Stack

<latexit sha1_base64="HmUNNqxtwuQWnBXI9TCyPrjvcb4=">AAAB+HicdVBNSwMxEM3Wr1q/Vj16CRbB05K1FfVW9OLBg6K1QruUbDptg9kPktlCLf0lXjwo4tWf4s1/Y1pXUNEHA4/3ZpKZF6ZKGmTs3SnMzM7NLxQXS0vLK6tr7vrGtUkyLaAuEpXom5AbUDKGOkpUcJNq4FGooBHenkz8xgC0kUl8hcMUgoj3YtmVgqOV2u7aGQwkcoQOvUQubttumXmVI4tDyrwqY8xnOWEV6ntsijLJcd5231qdRGQRxCgUN6bpsxSDEdcohYJxqZUZSO3DvAdNS2MegQlG08XHdMcqHdpNtK0Y6VT9PjHikTHDKLSdEce++e1NxL+8Zobdw2Ak4zRDiMXnR91MUUzoJAXakRoEqqElXGhpd6WizzUXaLMq2RC+LqX/k+s9z696+xd75dpxHkeRbJFtskt8ckBq5JSckzoRJCP35JE8OXfOg/PsvHy2Fpx8ZpP8gPP6Adnwkzo=</latexit>

AURIGA

<latexit sha1_base64="cjKz0EYPg04b81vFuUtEKHdU/Eo=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgacm2Feut1YN6q+LWQruUbJptY7ObJckKZel/8OJBEa/+H2/+G9N2BRV9MPB4b4aZeX7MmdIIfVi5hcWl5ZX8amFtfWNzq7i901IikYS6RHAh2z5WlLOIupppTtuxpDj0Ob31R2dT//aeSsVEdKPHMfVCPIhYwAjWRmo13OvL80avWEJ25cSgBpFdRQg5KCOoAh0bzVACGZq94nu3L0gS0kgTjpXqOCjWXoqlZoTTSaGbKBpjMsID2jE0wiFVXjq7dgIPjNKHgZCmIg1n6veJFIdKjUPfdIZYD9Vvbyr+5XUSHdS8lEVxomlE5ouChEMt4PR12GeSEs3HhmAimbkVkiGWmGgTUMGE8PUp/J+0yrZTtY+uyqX6aRZHHuyBfXAIHHAM6uACNIELCLgDD+AJPFvCerRerNd5a87KZnbBD1hvn+KcjrA=</latexit>

MiniGRAIL

<latexit sha1_base64="q9hVzP4gLSqKNQD386z05RFI+FY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjJtxbqrulBBoYp9SDuUTJppQzOZIckIZehXuHGhiFs/x51/Y9qOoKIHLhzOuZd77/EizpRG6MPKzM0vLC5ll3Mrq2vrG/nNrYYKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2veHpxG/eU6lYKG71KKJugPuC+YxgbaS7KybY2c3xxWU3X0B26cigApFdRgg5KCWoBB0bTVEAKWrd/HunF5I4oEITjpVqOyjSboKlZoTTca4TKxphMsR92jZU4IAqN5kePIZ7RulBP5SmhIZT9ftEggOlRoFnOgOsB+q3NxH/8tqx9ituwkQUayrIbJEfc6hDOPke9pikRPORIZhIZm6FZIAlJtpklDMhfH0K/yeNou2U7YPrYqF6ksaRBTtgF+wDBxyCKjgHNVAHBATgATyBZ0taj9aL9TprzVjpzDb4AevtE0OCkBE=</latexit>

MiniGRAILQL

<latexit sha1_base64="KhQFTAswun/AaY38m2YBaYzC9/g=">AAAB/XicdVDLSgMxFM3UV62v+ti5CbaCqyHTVqy7qgsVKrRiH9CWkknTNjSTGZKMUIfir7hxoYhb/8Odf2P6EFT0wIXDOfdy7z1uwJnSCH1Ysbn5hcWl+HJiZXVtfSO5uVVVfigJrRCf+7LuYkU5E7Simea0HkiKPZfTmjs4G/u1WyoV88WNHga05eGeYF1GsDZSO7lzxQQ7vz65LKbbUVN6sFwcpdvJFLKzxwZ5iOwcQshBM4Ky0LHRBCkwQ6mdfG92fBJ6VGjCsVINBwW6FWGpGeF0lGiGigaYDHCPNgwV2KOqFU2uH8F9o3Rg15emhIYT9ftEhD2lhp5rOj2s++q3Nxb/8hqh7uZbERNBqKkg00XdkEPtw3EUsMMkJZoPDcFEMnMrJH0sMdEmsIQJ4etT+D+pZmwnZx+WM6nC6SyOONgFe+AAOOAIFMAFKIEKIOAOPIAn8GzdW4/Wi/U6bY1Zs5lt8APW2yf3RZRH</latexit>
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<latexit sha1_base64="73bJjao8pVXZnl7xn66zatsRh98=">AAAB8XicdVBNSwMxEM3Wr1q/qh69BItQL0u2rVhvRQ8qCK1gbbFdSjbNtqHZ7JJkhbL0X3jxoIhX/403/41pu4KKPhh4vDfDzDwv4kxphD6szMLi0vJKdjW3tr6xuZXf3rlVYSwJbZKQh7LtYUU5E7Spmea0HUmKA4/Tljc6m/qteyoVC8WNHkfUDfBAMJ8RrI10h68uz+uwWC8f9vIFZJdPDKoQ2RWEkINSgsrQsdEMBZCi0cu/d/shiQMqNOFYqY6DIu0mWGpGOJ3kurGiESYjPKAdQwUOqHKT2cUTeGCUPvRDaUpoOFO/TyQ4UGoceKYzwHqofntT8S+vE2u/6iZMRLGmgswX+TGHOoTT92GfSUo0HxuCiWTmVkiGWGKiTUg5E8LXp/B/cluynYp9dF0q1E7TOLJgD+yDInDAMaiBC9AATUCAAA/gCTxbynq0XqzXeWvGSmd2wQ9Yb5+q9I+e</latexit>

Holometer

<latexit sha1_base64="NzZXzijOiNInpJKDWP8B6O/pdUg=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6atWHdFN11WsA9ph5JJ77ShycyQZIRS+hVuXCji1s9x59+YtiOo6IHA4Zxzyb0nSATXhpAPZ2V1bX1jM7eV397Z3dsvHBy2dJwqBk0Wi1h1AqpB8AiahhsBnUQBlYGAdjC+nvvte1Cax9GtmSTgSzqMeMgZNVa6q9uABAOqXygSt3xpUcXErRBCPJIRUsaeSxYoogyNfuG9N4hZKiEyTFCtux5JjD+lynAmYJbvpRoSysZ0CF1LIypB+9PFwjN8apUBDmNlX2TwQv0+MaVS64kMbFJSM9K/vbn4l9dNTVj1pzxKUgMRW34UpgKbGM+vxwOugBkxsYQyxe2umI2oosxWoPO2hK9L8f+kVXK9int+UyrWrrI6cugYnaAz5KELVEN11EBNxJBED+gJPTvKeXRenNdldMXJZo7QDzhvn1REkMQ=</latexit>

BAW

<latexit sha1_base64="sbIHCBwqbrgucgO+sGYoIn9bpnQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZlNIsZbjBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dXiy40hh/WLmV1bX1jfxmYWt7Z3evuH/QVlEiKWvRSESy6xHFBA9ZS3MtWDeWjASeYB1vcjX3O/dMKh6Fd3oaMzcgo5D7nBJtpNvGZWdQLGG7cmFQQ9iuYowdnBFcQY6NFyhBhuag+N4fRjQJWKipIEr1HBxrNyVScyrYrNBPFIsJnZAR6xkakoApN12cOkMnRhkiP5KmQo0W6veJlARKTQPPdAZEj9Vvby7+5fUS7dfclIdxollIl4v8RCAdofnfaMglo1pMDSFUcnMromMiCdUmnYIJ4etT9D9pl22nap/dlEv1RhZHHo7gGE7BgXOowzU0oQUURvAAT/BsCevRerFel605K5s5hB+w3j4BHjCNsw==</latexit>

H
o
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m
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r

<latexit sha1_base64="NzZXzijOiNInpJKDWP8B6O/pdUg=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6atWHdFN11WsA9ph5JJ77ShycyQZIRS+hVuXCji1s9x59+YtiOo6IHA4Zxzyb0nSATXhpAPZ2V1bX1jM7eV397Z3dsvHBy2dJwqBk0Wi1h1AqpB8AiahhsBnUQBlYGAdjC+nvvte1Cax9GtmSTgSzqMeMgZNVa6q9uABAOqXygSt3xpUcXErRBCPJIRUsaeSxYoogyNfuG9N4hZKiEyTFCtux5JjD+lynAmYJbvpRoSysZ0CF1LIypB+9PFwjN8apUBDmNlX2TwQv0+MaVS64kMbFJSM9K/vbn4l9dNTVj1pzxKUgMRW34UpgKbGM+vxwOugBkxsYQyxe2umI2oosxWoPO2hK9L8f+kVXK9int+UyrWrrI6cugYnaAz5KELVEN11EBNxJBED+gJPTvKeXRenNdldMXJZo7QDzhvn1REkMQ=</latexit>

BAW

<latexit sha1_base64="sbIHCBwqbrgucgO+sGYoIn9bpnQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZlNIsZbjBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dXiy40hh/WLmV1bX1jfxmYWt7Z3evuH/QVlEiKWvRSESy6xHFBA9ZS3MtWDeWjASeYB1vcjX3O/dMKh6Fd3oaMzcgo5D7nBJtpNvGZWdQLGG7cmFQQ9iuYowdnBFcQY6NFyhBhuag+N4fRjQJWKipIEr1HBxrNyVScyrYrNBPFIsJnZAR6xkakoApN12cOkMnRhkiP5KmQo0W6veJlARKTQPPdAZEj9Vvby7+5fUS7dfclIdxollIl4v8RCAdofnfaMglo1pMDSFUcnMromMiCdUmnYIJ4etT9D9pl22nap/dlEv1RhZHHo7gGE7BgXOowzU0oQUURvAAT/BsCevRerFel605K5s5hB+w3j4BHjCNsw==</latexit>



ALPS DETECTION



<latexit sha1_base64="hztf9mX/GXd52jL/+LJwHQYrOC8=">AAACJnicbVDLSgMxFM34tr6qLt0Ei6CbMqOibgRRF26UCrYKnVoy6Z02mMyMyR2hDPM1bvwVNy4qIu78FNNaxNeBwOGcc7m5J0ikMOi6b87I6Nj4xOTUdGFmdm5+obi4VDNxqjlUeSxjfRUwA1JEUEWBEq4SDUwFEi6Dm6O+f3kH2og4usBuAg3F2pEIBWdopWZx/6yZ+VrR49Oc+kYouKWee71FfQkhrvuhZnzgQy3P1Fc097Vod3CjWSy5ZXcA+pd4Q1IiQ1SaxZ7finmqIEIumTF1z02wkTGNgkvIC35qIGH8hrWhbmnEFJhGNjgzp2tWadEw1vZFSAfq94mMKWO6KrBJxbBjfnt98T+vnmK418hElKQIEf9cFKaSYkz7ndGW0MBRdi1hXAv7V8o7zFaDttmCLcH7ffJfUtssezvl7fPt0sHhsI4pskJWyTrxyC45ICekQqqEk3vySHrk2XlwnpwX5/UzOuIMZ5bJDzjvHwhPpPQ=</latexit>

NDM ' 103
✓

eV

mDM

◆

Dark Matter Particles in a de Broglie Volume Today

Galaxy:

Universe:
<latexit sha1_base64="Xtb1HTMGr46cH02R9oL0YivGnVY="></latexit>
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<latexit sha1_base64="I2uHk4Gh0/W8bhgNPLh4xSbTKis="></latexit>

a(t) '
p
2⇢DM

ma
cos(!at+ �)

ALP DARK MATTER IN THE LAB



In each experimental bin we are summing over a multitude of plane waves 
with different phases

<latexit sha1_base64="kk9G2BrB/V0i02MD+2dGypIy9CE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW4loGXQxjKiMYHkCHubuWTJ3t6xuyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5YSqFsb7/7RXW1jc2t4rbpZ3dvf2D8uHRo0kyzbHJE5nodsgMSqGwaYWV2E41sjiU2ApHNzO/9YTaiEQ92HGKQcwGSkSCM+uke9ajvXLFr/pzkFVCc1KBHI1e+avbT3gWo7JcMmM61E9tMGHaCi5xWupmBlPGR2yAHUcVi9EEk/mpU3LmlD6JEu1KWTJXf09MWGzMOA5dZ8zs0Cx7M/E/r5PZ6CqYCJVmFhVfLIoySWxCZn+TvtDIrRw7wrgW7lbCh0wzbl06JRcCXX55lbQuqrRWpfSuVqlf53kU4QRO4RwoXEIdbqEBTeAwgGd4hTdPei/eu/exaC14+cwx/IH3+QN/Mo3C</latexit>a1

<latexit sha1_base64="pcMWAkUTjJ/DT8C/WxQtQ1xr3Rw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR6LXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvB5Gbud564NiJWDzhNuB/RkRKhYBStdE8HtUG54lbdBcg68XJSgRytQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF75mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1qufd1SvN6zyPIpzBOVyCBw1owi20oA0MRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AgLeNww==</latexit>a2

<latexit sha1_base64="VgB/P89Q7KB9hOAxY6GcLBTOZYE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0UI9FLx4rWltoQ5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2isdI/9y3654lbdOcgq8XJSgRzNfvmrN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5s8qAhLGyJQ2Zq78nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLq6R9UfVqVc+7q1Ua13keRTiBUzgHD+rQgFtoQgsoDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AgjyNxA==</latexit>a3

ALP DARK MATTER IN THE LAB



In each experimental bin we are summing over a multitude of plane waves 
with different phases

<latexit sha1_base64="X9dMgq8ZDxmjh7CGpnMHFOGUIIM="></latexit>

�!a ' 1

mahv2DMi ' 106

ma

Effectively: very slow modulation of an 

approximately monochromatic field

<latexit sha1_base64="kk9G2BrB/V0i02MD+2dGypIy9CE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW4loGXQxjKiMYHkCHubuWTJ3t6xuyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5YSqFsb7/7RXW1jc2t4rbpZ3dvf2D8uHRo0kyzbHJE5nodsgMSqGwaYWV2E41sjiU2ApHNzO/9YTaiEQ92HGKQcwGSkSCM+uke9ajvXLFr/pzkFVCc1KBHI1e+avbT3gWo7JcMmM61E9tMGHaCi5xWupmBlPGR2yAHUcVi9EEk/mpU3LmlD6JEu1KWTJXf09MWGzMOA5dZ8zs0Cx7M/E/r5PZ6CqYCJVmFhVfLIoySWxCZn+TvtDIrRw7wrgW7lbCh0wzbl06JRcCXX55lbQuqrRWpfSuVqlf53kU4QRO4RwoXEIdbqEBTeAwgGd4hTdPei/eu/exaC14+cwx/IH3+QN/Mo3C</latexit>a1

<latexit sha1_base64="pcMWAkUTjJ/DT8C/WxQtQ1xr3Rw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR6LXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvB5Gbud564NiJWDzhNuB/RkRKhYBStdE8HtUG54lbdBcg68XJSgRytQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF75mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1qufd1SvN6zyPIpzBOVyCBw1owi20oA0MRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AgLeNww==</latexit>a2

<latexit sha1_base64="VgB/P89Q7KB9hOAxY6GcLBTOZYE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0UI9FLx4rWltoQ5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2isdI/9y3654lbdOcgq8XJSgRzNfvmrN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5s8qAhLGyJQ2Zq78nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLq6R9UfVqVc+7q1Ua13keRTiBUzgHD+rQgFtoQgsoDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AgjyNxA==</latexit>a3

<latexit sha1_base64="6WKl3THzQocLorf0mWnlr8pVbZk="></latexit>

a(t) = a0


cos

✓
ma

✓
1 +

v21
2

◆
t+ �1

◆
+ cos

✓
ma

✓
1 +

v22
2

◆
t+ �2

◆
+ ...

�

<latexit sha1_base64="CBIlGIUFhXVmEfsO04T6cH3nem8="></latexit>

' a0 cos(mat+ �) [cos(�!at+ �0) + ...]

ALP DARK MATTER IN THE LAB



a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

Background

<latexit sha1_base64="kOUKmYKyTNGM+o0lyFouQY4292w=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwY0lKUXFVFMFlBfuApobJdNIOnUnizEQoIf/ixl9x40Ipblz4L07aLGzrgQuHc+7l3nu8iFGpLOvbKKysrq1vFDdLW9s7u3vm/kFLhrHApIlDFoqOhyRhNCBNRRUjnUgQxD1G2t7oJvPbz0RIGgYPahyRHkeDgPoUI6Ul17xyJOXQ8QXCCUoT30UpvHUTR3DojQYpzGzyBG3rMTmr2nOea5atijUFXCZ2TsogR8M1J04/xDEngcIMSdm1rUj1EiQUxYykJSeWJEJ4hAakq2mAOJG9ZPpjCk+00od+KHQFCk7VvxMJ4lKOuac7OVJDuehl4n9eN1b+ZS+hQRQrEuDZIj9mUIUwCwz2qSBYsbEmCAuqb4V4iHReSsda0iHYiy8vk1a1Yp9Xave1cv06j6MIjsAxOAU2uAB1cAcaoAkweAFv4AN8Gq/GuzExvmatBSOfOQRzMH5+AdwEo8Q=</latexit>

⇠ a

fa
Ebkg ' 10�21Ebkg

ALP DARK MATTER DETECTION

but you know exactly the waveform

and the signal is always there 



Cavity

<latexit sha1_base64="JV3tBUyhjJhPd6bFvxS+uhGnDGI=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCWoAsYKFgaGItGH1ESR4zqtVdsJtoNURRlY+BUWBhBi5SPY+BvcNgO0HOlKR+fcq3vvCRNGlXacb6u0srq2vlHerGxt7+zu2fsHHRWnEpM2jlkseyFShFFB2ppqRnqJJIiHjHTD8dXU7z4QqWgs7vQkIT5HQ0EjipE2UmBXeeANEecIeopycg+9SCKcuXl2kwd2zak7M8Bl4hakBgq0AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH1DBeJE+dnsiRweG2UAo1iaEhrO1N8TGeJKTXhoOjnSI7XoTcX/vH6qows/oyJJNRF4vihKGdQxnCYCB1QSrNnEEIQlNbdCPEImBW1yq5gQ3MWXl0nntO6e1Ru3jVrzsoijDKrgCJwAF5yDJrgGLdAGGDyCZ/AK3qwn68V6tz7mrSWrmDkEf2B9/gCNQ5gN</latexit>

m� ' 1

L

<latexit sha1_base64="EsUXQCVtBq4y73jg2L4sJIh3P3Q=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZe+yXKlXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmd4zZ</latexit>

L

AXION DARK MATTER DETECTION



Cavity

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

Background

Resonance
<latexit sha1_base64="w/Sj64pGnRW2nhuohTRan6xIwo8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEirosunHhooJ9QBPCZDpph85M4sxEKDELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGFUacf5tkpLyyura+X1ysbm1vaOvbvXVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCccXU38zgORisbiTo8T4nM0EDSiGGkjBfYBDxD0FOXkHnqRRDhz8+wmD+yqU3OmgIvELUgVFGgG9pfXj3HKidCYIaV6rpNoP0NSU8xIXvFSRRKER2hAeoYKxInys+n9OTw2Sh9GsTQlNJyqvycyxJUa89B0cqSHat6biP95vVRHF35GRZJqIvBsUZQyqGM4CQP2qSRYs7EhCEtqboV4iEwK2kRWMSG48y8vkvZpzT2r1W/r1cZlEUcZHIIjcAJccA4a4Bo0QQtg8AiewSt4s56sF+vd+pi1lqxiZh/8gfX5A55yld0=</latexit>

ma ' 1
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AXION DARK MATTER DETECTION
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Impractical 

(fine control of 

huge cavities)



Cavity:

X

n

✓
@2
t +

!n

Qn
@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

AXION DETECTION



Cavity:

X

n

✓
@2
t +

!n

Qn
@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

AXION DETECTION

!1 ' ma
<latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit><latexit sha1_base64="9ib9m7+MpXkHVVcpSS33cGFfGzg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ac0IWy2k3bpbhJ3N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnMXQ0Uxz6KcSiAg59MLJzczvPYJULInvdZ6CL8goZhGjRBspsOteImBEAhd7igl4wCIggd1wms4ceJW4JWmgEu3A/vKGCc0ExJpyotTAdVLtF0RqRjlMa16mICV0QkYwMDQmApRfzI+f4lOjDHGUSFOxxnP190RBhFK5CE2nIHqslr2Z+J83yHR05RcsTjMNMV0sijKOdYJnSeAhk0A1zw0hVDJzK6ZjIgnVJq+aCcFdfnmVdM+brtN07y4aresyjio6RifoDLnoErXQLWqjDqIoR8/oFb1ZT9aL9W59LForVjlTR39gff4A6AKURg==</latexit>

@t(B) ' 0
<latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit><latexit sha1_base64="ONxQVxs2LcqtH1UmywPVo9GiZwo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi5L3bisYB/QhDCZTtqhM5M4MxFK6NKNv+LGhSJu/QR3/o2TNgttPXDhcM693HtPmDCqtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVmLRxzGLZC5EijArS1lQz0kskQTxkpBuOr3O/+0CkorG405OE+BwNBY0oRtpIgX3sJUhqiligYc3jSI/CKGtOzzxFObmHTmBXnbozA1wmbkGqoEArsL+8QYxTToTGDCnVd51E+1m+BDMyrXipIgnCYzQkfUMF4kT52eyRKTw1ygBGsTQlNJypvycyxJWa8NB05qeqRS8X//P6qY6u/IyKJNVE4PmiKGVQxzBPBQ6oJFiziSEIS2puhXiEJMLaZFcxIbiLLy+Tznndderu7UW10SziKIMjcAJqwAWXoAFuQAu0AQaP4Bm8gjfryXqx3q2PeWvJKmYOwR9Ynz/vsJlB</latexit>

✓
@2
t +

ma
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◆
E1 = ga��B

p
⇢DMma cosmat

<latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit><latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit><latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit><latexit sha1_base64="MO4JU/omCeSNLLsCl01gzSro6F4="></latexit>
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HETERODYNE DETECTION
[Berlin, RTD, S. Ellis, C. Nantista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou‘19]



X

n

✓
@2
t +

!n

Qn
@t + !2

n

◆
En = ga��@t(B@ta)

<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>

!1 ' !0 +ma
<latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit><latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit><latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit><latexit sha1_base64="aMx3rXHlstWW62FCwx8sxKVopyQ=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoigi6LblxWsA9oQphMb9qhM0mcmQgldOPGX3HjQhG3/oM7/8Zpm4W2Hrhw5px7mXtPmHKmtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqSSTFJo04YnshEQBZzE0NdMcOqkEIkIO7XB4PfHbDyAVS+I7PUrBF6Qfs4hRoo0U2IdeIqBPAhd7igm4x8XbORUBCeyqU3OmwIvELUgVFWgE9pfXS2gmINaUE6W6rpNqPydSM8phXPEyBSmhQ9KHrqExEaD8fHrFGB8bpYejRJqKNZ6qvydyIpQaidB0CqIHat6biP953UxHl37O4jTTENPZR1HGsU7wJBLcYxKo5iNDCJXM7IrpgEhCtQmuYkJw509eJK2zmuvU3Nvzav2qiKOMDtAROkEuukB1dIMaqIkoekTP6BW9WU/Wi/VufcxaS1Yxs4/+wPr8ATy4l78=</latexit>

@t(B) ' i!0B
<latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit><latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit><latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit><latexit sha1_base64="qoP49jRaZSDY0pX61xLwLG8Nu9w=">AAACGnicbVBNS8NAEN3Ur1q/oh69LBahXkoigh5LvXisYD+gKWGznbRLd5O4uxFK6O/w4l/x4kERb+LFf+OmLaitDwYe780wMy9IOFPacb6swsrq2vpGcbO0tb2zu2fvH7RUnEoKTRrzWHYCooCzCJqaaQ6dRAIRAYd2MLrK/fY9SMXi6FaPE+gJMohYyCjRRvJt10uI1IxwX1c8QfQwCLP65NRTTMAdZl4sYEB8B/94vl12qs4UeJm4c1JGczR8+8PrxzQVEGnKiVJd10l0L8vXUg6TkpcqSAgdkQF0DY2IANXLpq9N8IlR+jiMpalI46n6eyIjQqmxCExnfqFa9HLxP6+b6vCyl7EoSTVEdLYoTDnWMc5zwn0mgWo+NoRQycytmA6JJFSbNEsmBHfx5WXSOqu6TtW9OS/X6vM4iugIHaMKctEFqqFr1EBNRNEDekIv6NV6tJ6tN+t91lqw5jOH6A+sz2+OxqEq</latexit>
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HETERODYNE DETECTION
[Berlin, RTD, S. Ellis, C. Nantista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou‘19]
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Class.Quant.Grav. 20 (2003) 3505-3522, gr-qc/0502054
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https://indico.physics.lbl.gov/indico/event/939/contributions/4371/
attachments/2162/2812/DarkSRF-Aspen.pdf
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S(mech)
sig

<latexit sha1_base64="nRR0Dv9dRn3H6JPmlQmJVqtsb/E="></latexit>

SNRmech noise '
1

4

s
⇡3 tint
2�!osc

|⌘gmech(!
sig
p )|2

|⌘EM
mech(!

sig
p )|2

|⌘EM
mech(!

noise
p )|2

M2
cav V

2/3
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SFp(!g)
h2
0 !

4
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Signal and Noise PSDs: Non-Scanning

S(mech)
noise

S(EM)
noise

S(amp)
noise

S(mech)
sig

BROADBAND

<latexit sha1_base64="VKWLEHyCTmRp6MFqMmJpDVvVT8o="></latexit>

SNR(broadband)
amp noise ' 1

64

r
⇡ tint

2�!osc

Qint

Qcpl
|⌘gmech|

2 |⌘EM
mech|2

Pin

T
h2
0
!0

!2
g



Proper Detector Frame (PDF) Vs Transverse Traceless (TT) Frame

(Fermi Normal Coordinates)



TT gauge = comoving with the wave
<latexit sha1_base64="/q0P03eYc5+64QCIMvMpzURIBgE=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJpKjLohuXFXqDNoTJdNIOnUzCzESMoU/hxldx40IRt+LOt3HaBqvVHwY+/nMOZ87vRYxKZVmfRm5hcWl5Jb9aWFvf2Nwyt3eaMowFJg0cslC0PSQJo5w0FFWMtCNBUOAx0vKGl+N664YISUNeV0lEnAD1OfUpRkpbrnlcUm7aFQGs10dHtzNMZnj3jYeuWbTK1kTwL9gZFEGmmmt+dHshjgPCFWZIyo5tRcpJkVAUMzIqdGNJIoSHqE86GjkKiHTSyVkjeKCdHvRDoR9XcOL+nEhRIGUSeLozQGog52tj879aJ1b+uZNSHsWKcDxd5McMqhCOM4I9KghWLNGAsKD6rxAPkEBY6SQLOgR7/uS/0Dwp26flynWlWL3I4siDPbAPSsAGZ6AKrkANNAAG9+ARPIMX48F4Ml6Nt2lrzshmdsEvGe9f3p+ekg==</latexit>

(tTT, xTT, yTT, zTT)

<latexit sha1_base64="FBW3dihLTeycpr9ngJR3DAvDnyM="></latexit>

tTT ' t� i

4
!g (x

2 � y2)h+ ei!gt , xTT ' x� 1

2
x (1� i!gz)h+ ei!gt .

yTT ' y +
1

2
y (1� i!gz)h+ ei!gt , zTT ' z � i

4
!g (x

2 � y2)h+ ei!gt



TT gauge = comoving with the wave
<latexit sha1_base64="/q0P03eYc5+64QCIMvMpzURIBgE=">AAACFnicbZDLSsNAFIYn9VbrLerSzWARKmhJpKjLohuXFXqDNoTJdNIOnUzCzESMoU/hxldx40IRt+LOt3HaBqvVHwY+/nMOZ87vRYxKZVmfRm5hcWl5Jb9aWFvf2Nwyt3eaMowFJg0cslC0PSQJo5w0FFWMtCNBUOAx0vKGl+N664YISUNeV0lEnAD1OfUpRkpbrnlcUm7aFQGs10dHtzNMZnj3jYeuWbTK1kTwL9gZFEGmmmt+dHshjgPCFWZIyo5tRcpJkVAUMzIqdGNJIoSHqE86GjkKiHTSyVkjeKCdHvRDoR9XcOL+nEhRIGUSeLozQGog52tj879aJ1b+uZNSHsWKcDxd5McMqhCOM4I9KghWLNGAsKD6rxAPkEBY6SQLOgR7/uS/0Dwp26flynWlWL3I4siDPbAPSsAGZ6AKrkANNAAG9+ARPIMX48F4Ml6Nt2lrzshmdsEvGe9f3p+ekg==</latexit>

(tTT, xTT, yTT, zTT)

Theorem: 
<latexit sha1_base64="jns6kVpEezYzXtTVdslvOs5RgDA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1ISKepGKLpxWaEvaGKYTCft2JlJmJkIJRT8FTcuFHHrd7jzb5y2WWjrgQuHc+7l3nvChFGlHefbKiwtr6yuFddLG5tb2zv27l5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4M/Hbj0QqGouGHiXE56gvaEQx0kYK7IOHe4+nQeZJDkkUncJGY3zlBHbZqThTwEXi5qQMctQD+8vrxTjlRGjMkFJd10m0nyGpKWZkXPJSRRKEh6hPuoYKxInys+n5Y3hslB6MYmlKaDhVf09kiCs14qHp5EgP1Lw3Ef/zuqmOLv2MiiTVRODZoihlUMdwkgXsUUmwZiNDEJbU3ArxAEmEtUmsZEJw519eJK2zinteqd5Vy7XrPI4iOARH4AS44ALUwC2ogybAIAPP4BW8WU/Wi/VufcxaC1Y+sw/+wPr8AeszlNA=</latexit>

jµe↵,TT = 0 No signal

 Doubly Wrong:

Wrong Conclusion

1. Impossible to prepare a uniform B-field in the TT frame

2. Even if you could do it, there would still be a signal (wire moving)



GRAVITATIONAL WAVE DETECTION

10°24 10°23 10°22 10°21 10°20 10°19

Strain Sensitivity h0

ADMX

HAYSTAC

CAPP

ORGAN

SQMS params.

!g/2º 2 [0.65, 1.02] GHz
Q ª 8 £ 104, B0 = 7.5 T
Vcav = 136 L, Tsys ª 0.6 K

!g/2º 2 [5.6, 5.8] GHz
Q ª 3 £ 104, B0 = 9 T
Vcav = 2 L, Tsys ª 0.13 K

!g/2º 2 [1.6, 1.65] GHz
Q ª 4 £ 104, B0 = 7.3 T
Vcav = 3.47 L, Tsys ª 1.2 K

!g/2º = 26.531 GHz
Q ª 1.3 £ 104, B0 = 7 T
Vcav ª 0.0078 L, Tsys ª 4 K

!g/2º 2 [1, 2] GHz
Q ª 106, B0 = 5 T
Vcav = 100 L, Tsys ª 1 K

Projected Sensitivities of Axion Experiments

Berlin, Blas, D’Agnolo, Ellis, Harnik, Kahn, Schutte-Engel ‘21



<latexit sha1_base64="xtyk7uHwHlNhzBbfVjAPpfBKDN0="></latexit>

!g ' 2ma ' GHz

✓
10

�4M�
MBH

◆

SUPERRADIANCE

Signal from:[Arvanitaki, Geraci ’12]

<latexit sha1_base64="86I9LiMlb0tjjM9AA0duODNTqTk="></latexit>

h = 10�24

✓
�a⇤
0.1

◆ ✓
1 kpc

D

◆ ✓
Mb

10�1 M�

◆ ⇣ ↵

0.2

⌘7



PRIMORDIAL BHs

<latexit sha1_base64="+74ZHfaPXscy4wEBVB9++WLZZcs="></latexit>

Ncycles

Q
'

✓
GHz

fg

◆5/3 ✓
10

�9M�
mPBH

◆5/3
<latexit sha1_base64="koGp5eXELRDOKznJGtvhgbJ6ClA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkjXMTnqTIbOzy8ysEEI+wosHRbz6Pd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWatVviOc+VnrFklt25yCrxMtICTLUesWvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/Mz52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjL7nfS5QmbE2BLKFLe3EjakijJjEyrYELzll1dJ86LsVcqX9ctS9TaLIw8ncArn4MEVVOEeatAABiN4hld4cxLnxXl3PhatOSebOYY/cD5/AJDejmw=</latexit>

Q = 106

<latexit sha1_base64="IhdHmc1AK4/4x6xpnCWJqVYNgTU="></latexit>

h ' 10
�26

✓
1pc

D

◆✓
mPBH

10�9M�

◆5/3 ⇣ !g

GHz

⌘2/3

If they are DM and are all in binaries (1 year)
<latexit sha1_base64="TagkmFowIh81N5kpdIOLdo2mRNE=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgY9jVoIJNUAvLCOYB2TXMTibJkJnZdWZWCMsWNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE0SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GiqMJSZ1HLJQtgKkCKOC1DXVjLQiSRAPGGkGw8ux33wgUtFQ3OpRRHyO+oL2KEbaSB27eAU9RTm5h65zlxwep945TDzJYYTTjl1yys4EcJ64GSmBDLWO/eV1QxxzIjRmSKm260TaT5DUFDOSFrxYkQjhIeqTtqECcaL8ZPJECveN0oW9UJoSGk7U3xMJ4kqNeGA6OdIDNeuNxf+8dqx7Z35CRRRrIvB0US9mUIdwnAjsUkmwZiNDEJbU3ArxAEmEtcmtYEJwZ1+eJ42jsntSrtxUStWLLI48KII9cABccAqq4BrUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5A29BlrU=</latexit>

D ' 10�3 pc

If they are DM
<latexit sha1_base64="Pn9FU91tizu45TQcruCLS7UBpUM="></latexit>

D ' 10 pc

✓
mPBH

10�9M�

◆



POWER FROM THE SUN

Signal from:[Weinberg ‘65]

<latexit sha1_base64="mcExqLtcAiQiFGBzD90Ev1hDGmQ=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwFRIp6rIogssK9gFNKJPJpB06MwkzE6GEbN34K25cKOLWP3Dn3zhts9DWA/dyOOdeZu4JU0aVdt1vq7Kyura+Ud2sbW3v7O7Z+wcdlWQSkzZOWCJ7IVKEUUHammpGeqkkiIeMdMPx9dTvPhCpaCLu9SQlAUdDQWOKkTbSwIZ+LBHOI9gqTLspfEU5zH3JIU6E0k4xsOuu484Al4lXkjoo0RrYX36U4IwToTFDSvU9N9VBjqSmmJGi5meKpAiP0ZD0DRWIExXks0sKeGKUCMaJNCU0nKm/N3LElZrw0ExypEdq0ZuK/3n9TMeXQU5Fmmki8PyhOGNQJ3AaC4yoJFiziSEIS2r+CvEImWi0Ca9mQvAWT14mnTPHO3cad41686qMowqOwDE4BR64AE1wC1qgDTB4BM/gFbxZT9aL9W59zEcrVrlzCP7A+vwB/SqZ5g==</latexit>

dP

dE
⇠ const.

<latexit sha1_base64="ZCHB7sblbrHEKLrodBb5137NwCc=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCq5JIUZdFKbqsYC/QhDKZTNqhM5MwMxFKyAu48VXcuFDErXt3vo3TNgttPTDw8f/ncOb8QcKo0o7zbS0tr6yurZc2yptb2zu79t5+W8WpxKSFYxbLboAUYVSQlqaakW4iCeIBI51gdD3xOw9EKhqLez1OiM/RQNCIYqSN1LePvUginIXQu0Gco9xQI/cU5XBmuHnWyPt2xak604KL4BZQAUU1+/aXF8Y45URozJBSPddJtJ8hqSlmJC97qSIJwiM0ID2DAnGi/Gx6TQ5PjBLCKJbmCQ2n6u+JDHGlxjwwnRzpoZr3JuJ/Xi/V0aWfUZGkmgg8WxSlDOoYTqKBIZUEazY2gLCk5q8QD5FJQZsAyyYEd/7kRWifVd3zau2uVqlfFXGUwCE4AqfABRegDm5BE7QABo/gGbyCN+vJerHerY9Z65JVzByAP2V9/gBDtJuz</latexit>

d�

dE
⇠ 1

E

Power

Number of 
gravitons



POWER FROM THE SUN

Signal from:[Weinberg ‘65]

<latexit sha1_base64="bSVzFOk0LhsepsbJxQEzJ/ERggI="></latexit>

� ⇠ exp[B log(E/⇤)], B ⌧ 1



POWER FROM THE SUN

Signal from:[Weinberg ‘65]

<latexit sha1_base64="mcs89QO+BDw/vj1JXnAhGMn796g="></latexit>

Ptot ' 6⇥ 1014
erg

s
' 1011 eV2

<latexit sha1_base64="PVbs8rIyxR3zO5W/O00DkcOsVm4=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIg2ht0QVLAJ2lhGMA/IJmF2cpMMmdldZ2bFsOwn2PgrNhaK2Fra+TdOHoUmHrhwOOde7r3HjzhT2nG+rYXFpeWV1cxadn1jc2vb3tmtqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wNfJr9yAVC4NbPYygKUgvYF1GiTZS2z4qtxNPCgwPUYo9xQTcYddpJSduIfUuJla1VUjbds7JO2PgeeJOSQ5NUW7bX14npLGAQFNOlGq4TqSbCZGaUQ5p1osVRIQOSA8ahgZEgGom44dSfGiUDu6G0lSg8Vj9PZEQodRQ+KZTEN1Xs95I/M9rxLp73kxYEMUaAjpZ1I051iEepYM7TALVfGgIoZKZWzHtE0moNhlmTQju7MvzpFrIu6f54k0xV7qcxpFB++gAHSMXnaESukZlVEEUPaJn9IrerCfrxXq3PiatC9Z0Zg/9gfX5A7Uwm8A=</latexit>

Pexp ' 10�12 eV2

Total emitted power (in gravitons)

Power reaching a m-sized 
experiment on Earth (in gravitons)

Signal



POWER FROM THE SUN

Signal from:[Weinberg ‘65]

<latexit sha1_base64="mcs89QO+BDw/vj1JXnAhGMn796g="></latexit>

Ptot ' 6⇥ 1014
erg

s
' 1011 eV2

<latexit sha1_base64="PVbs8rIyxR3zO5W/O00DkcOsVm4=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIg2ht0QVLAJ2lhGMA/IJmF2cpMMmdldZ2bFsOwn2PgrNhaK2Fra+TdOHoUmHrhwOOde7r3HjzhT2nG+rYXFpeWV1cxadn1jc2vb3tmtqjCWFCo05KGs+0QBZwFUNNMc6pEEInwONX9wNfJr9yAVC4NbPYygKUgvYF1GiTZS2z4qtxNPCgwPUYo9xQTcYddpJSduIfUuJla1VUjbds7JO2PgeeJOSQ5NUW7bX14npLGAQFNOlGq4TqSbCZGaUQ5p1osVRIQOSA8ahgZEgGom44dSfGiUDu6G0lSg8Vj9PZEQodRQ+KZTEN1Xs95I/M9rxLp73kxYEMUaAjpZ1I051iEepYM7TALVfGgIoZKZWzHtE0moNhlmTQju7MvzpFrIu6f54k0xV7qcxpFB++gAHSMXnaESukZlVEEUPaJn9IrerCfrxXq3PiatC9Z0Zg/9gfX5A7Uwm8A=</latexit>

Pexp ' 10�12 eV2

Total emitted power (in gravitons)

Power reaching a m-sized 
experiment on Earth (in gravitons)

Noise

Signal

Thermal Noise in the bandwidth

of the signal (in photons)

<latexit sha1_base64="Sr9DT8jjiiJvshxotPvA5k+ZHFg="></latexit>

Pth ' T�! ' eV2

✓
T

K

◆



NOISE PSDs 
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✏1d = 10�7 , Q = 1012
<latexit sha1_base64="4Ri/v8xnRULE5qsWUYqHB5OjNlU="></latexit><latexit sha1_base64="4Ri/v8xnRULE5qsWUYqHB5OjNlU="></latexit><latexit sha1_base64="4Ri/v8xnRULE5qsWUYqHB5OjNlU="></latexit><latexit sha1_base64="4Ri/v8xnRULE5qsWUYqHB5OjNlU="></latexit>

✏1d = 10�5 , Q = 1010
<latexit sha1_base64="hyGyvYQGOVvkL8dfIj2AhoBFCLc="></latexit><latexit sha1_base64="hyGyvYQGOVvkL8dfIj2AhoBFCLc="></latexit><latexit sha1_base64="hyGyvYQGOVvkL8dfIj2AhoBFCLc="></latexit><latexit sha1_base64="hyGyvYQGOVvkL8dfIj2AhoBFCLc="></latexit>



NOISE PSDs GWs 
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Signal and Noise PSDs: Scanning

S(mech)
noise

<latexit sha1_base64="3Es3J/7QCDN99h9oMRsoLfmBa18=">AAACA3icdVBNSwMxEM36WetX1ZtegkXQy7JrV21vohePirYV2lqy6bQNTbJLkhXKUvDiX/HiQRGv/glv/hvTD0FFHww83pthZl4Yc6aN5304U9Mzs3PzmYXs4tLyympubb2io0RRKNOIR+o6JBo4k1A2zHC4jhUQEXKohr3ToV+9BaVZJK9MP4aGIB3J2owSY6VmbvOymdaVwDJiGgY3I74rgHb3Bs1c3nMLQbFQKmLPDUrBYTAkvlc4KB5h3/VGyKMJzpu593orookAaSgnWtd8LzaNlCjDKIdBtp5oiAntkQ7ULJVEgG6kox8GeMcqLdyOlC1p8Ej9PpESoXVfhLZTENPVv72h+JdXS0y72EiZjBMDko4XtROOTYSHgeAWU0AN71tCqGL2Vky7RBFqbGxZG8LXp/h/Utl3/cA9uAjyxyeTODJoC22jXeSjI3SMztA5KiOK7tADekLPzr3z6Lw4r+PWKWcys4F+wHn7BBjfl9c=</latexit>

S(EM)
noise

<latexit sha1_base64="FFC9L0NbTsmJWMJ3oH1abmSIGkc=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSxC3YSkNrTuiiK4ESraB7S1TKbTduhkEmYmQglx46+4caGIW//CnX/jNK2gogcuHM65l3vv8UJGpbLtD2NufmFxaTmzkl1dW9/YNLe26zKIBCY1HLBAND0kCaOc1BRVjDRDQZDvMdLwRqcTv3FLhKQBv1bjkHR8NOC0TzFSWuqau1fduC18yAMqSXKT8vzZxWHSNXO2dey4tluCtlV0jpyyPSGFUsl1oWPZKXJghmrXfG/3Ahz5hCvMkJQtxw5VJ0ZCUcxIkm1HkoQIj9CAtDTlyCeyE6cfJPBAKz3YD4QurmCqfp+IkS/l2Pd0p4/UUP72JuJfXitS/XInpjyMFOF4uqgfMagCOIkD9qggWLGxJggLqm+FeIgEwkqHltUhfH0K/yf1guUULfeymKuczOLIgD2wD/LAASVQAeegCmoAgzvwAJ7As3FvPBovxuu0dc6YzeyAHzDePgEJKpak</latexit>

S(amp)
noise

<latexit sha1_base64="Y/oVjHOcnxGDMah9/GVXFuFtdCU=">AAACAnicdVDLSgMxFM3UV62vqitxEyxC3QwznanaXdGNy4r2AW0tmTRtQ5PMkGSEMhQ3/oobF4q49Svc+TemD0FFD1w4nHMv994TRIwq7TgfVmphcWl5Jb2aWVvf2NzKbu/UVBhLTKo4ZKFsBEgRRgWpaqoZaUSSIB4wUg+G5xO/fkukoqG41qOItDnqC9qjGGkjdbJ7V52kJTkUIVVkfDPlecSjo3Enm3Nsp+h7ngsd2/dczytNSOHY80vQtZ0pcmCOSif73uqGOOZEaMyQUk3XiXQ7QVJTzMg404oViRAeoj5pGioQJ6qdTF8Yw0OjdGEvlKaEhlP1+0SCuFIjHphOjvRA/fYm4l9eM9a903ZCRRRrIvBsUS9mUIdwkgfsUkmwZiNDEJbU3ArxAEmEtUktY0L4+hT+T2oF2/Xt4qWfK5/N40iDfXAA8sAFJ6AMLkAFVAEGd+ABPIFn6956tF6s11lryprP7IIfsN4+ATJTl1M=</latexit>

S(mech)
sig

<latexit sha1_base64="KCGxJz+u0roptZsU7QaHcSj2ms0=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6iYkfdnuim5cVrQPaGOZTKft0JkkzEyEEuLGX3HjQhG3/oU7/8bpQ1DRAxcO59zLvfd4IaNS2faHkVpaXlldS69nNja3tnfM3b2mDCKBSQMHLBBtD0nCqE8aiipG2qEgiHuMtLzx+dRv3RIhaeBfq0lIXI6GPh1QjJSWeubBVS/uCg4lHSY3M5bjBI9Okp6ZtS2nWq6Uy9C2Co6TL1Q1qZTsSqEIHcueIQsWqPfM924/wBEnvsIMSdlx7FC5MRKKYkaSTDeSJER4jIako6mPOJFuPPsggcda6cNBIHT5Cs7U7xMx4lJOuKc7OVIj+dubin95nUgNKm5M/TBSxMfzRYOIQRXAaRywTwXBik00QVhQfSvEIyQQVjq0jA7h61P4P2nmLadolS6L2drZIo40OARHIAcccApq4ALUQQNgcAcewBN4Nu6NR+PFeJ23pozFzD74AePtE16Elt0=</latexit>
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Signal and Noise PSDs: Non-Scanning

S(mech)
noise

<latexit sha1_base64="3Es3J/7QCDN99h9oMRsoLfmBa18=">AAACA3icdVBNSwMxEM36WetX1ZtegkXQy7JrV21vohePirYV2lqy6bQNTbJLkhXKUvDiX/HiQRGv/glv/hvTD0FFHww83pthZl4Yc6aN5304U9Mzs3PzmYXs4tLyympubb2io0RRKNOIR+o6JBo4k1A2zHC4jhUQEXKohr3ToV+9BaVZJK9MP4aGIB3J2owSY6VmbvOymdaVwDJiGgY3I74rgHb3Bs1c3nMLQbFQKmLPDUrBYTAkvlc4KB5h3/VGyKMJzpu593orookAaSgnWtd8LzaNlCjDKIdBtp5oiAntkQ7ULJVEgG6kox8GeMcqLdyOlC1p8Ej9PpESoXVfhLZTENPVv72h+JdXS0y72EiZjBMDko4XtROOTYSHgeAWU0AN71tCqGL2Vky7RBFqbGxZG8LXp/h/Utl3/cA9uAjyxyeTODJoC22jXeSjI3SMztA5KiOK7tADekLPzr3z6Lw4r+PWKWcys4F+wHn7BBjfl9c=</latexit>

S(EM)
noise

<latexit sha1_base64="FFC9L0NbTsmJWMJ3oH1abmSIGkc=">AAACAXicdVDLSsNAFJ34rPUVdSO4GSxC3YSkNrTuiiK4ESraB7S1TKbTduhkEmYmQglx46+4caGIW//CnX/jNK2gogcuHM65l3vv8UJGpbLtD2NufmFxaTmzkl1dW9/YNLe26zKIBCY1HLBAND0kCaOc1BRVjDRDQZDvMdLwRqcTv3FLhKQBv1bjkHR8NOC0TzFSWuqau1fduC18yAMqSXKT8vzZxWHSNXO2dey4tluCtlV0jpyyPSGFUsl1oWPZKXJghmrXfG/3Ahz5hCvMkJQtxw5VJ0ZCUcxIkm1HkoQIj9CAtDTlyCeyE6cfJPBAKz3YD4QurmCqfp+IkS/l2Pd0p4/UUP72JuJfXitS/XInpjyMFOF4uqgfMagCOIkD9qggWLGxJggLqm+FeIgEwkqHltUhfH0K/yf1guUULfeymKuczOLIgD2wD/LAASVQAeegCmoAgzvwAJ7As3FvPBovxuu0dc6YzeyAHzDePgEJKpak</latexit>

S(amp)
noise

<latexit sha1_base64="Y/oVjHOcnxGDMah9/GVXFuFtdCU=">AAACAnicdVDLSgMxFM3UV62vqitxEyxC3QwznanaXdGNy4r2AW0tmTRtQ5PMkGSEMhQ3/oobF4q49Svc+TemD0FFD1w4nHMv994TRIwq7TgfVmphcWl5Jb2aWVvf2NzKbu/UVBhLTKo4ZKFsBEgRRgWpaqoZaUSSIB4wUg+G5xO/fkukoqG41qOItDnqC9qjGGkjdbJ7V52kJTkUIVVkfDPlecSjo3Enm3Nsp+h7ngsd2/dczytNSOHY80vQtZ0pcmCOSif73uqGOOZEaMyQUk3XiXQ7QVJTzMg404oViRAeoj5pGioQJ6qdTF8Yw0OjdGEvlKaEhlP1+0SCuFIjHphOjvRA/fYm4l9eM9a903ZCRRRrIvBsUS9mUIdwkgfsUkmwZiNDEJbU3ArxAEmEtUktY0L4+hT+T2oF2/Xt4qWfK5/N40iDfXAA8sAFJ6AMLkAFVAEGd+ABPIFn6956tF6s11lryprP7IIfsN4+ATJTl1M=</latexit>

S(mech)
sig

<latexit sha1_base64="KCGxJz+u0roptZsU7QaHcSj2ms0=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWAR6iYkfdnuim5cVrQPaGOZTKft0JkkzEyEEuLGX3HjQhG3/oU7/8bpQ1DRAxcO59zLvfd4IaNS2faHkVpaXlldS69nNja3tnfM3b2mDCKBSQMHLBBtD0nCqE8aiipG2qEgiHuMtLzx+dRv3RIhaeBfq0lIXI6GPh1QjJSWeubBVS/uCg4lHSY3M5bjBI9Okp6ZtS2nWq6Uy9C2Co6TL1Q1qZTsSqEIHcueIQsWqPfM924/wBEnvsIMSdlx7FC5MRKKYkaSTDeSJER4jIako6mPOJFuPPsggcda6cNBIHT5Cs7U7xMx4lJOuKc7OVIj+dubin95nUgNKm5M/TBSxMfzRYOIQRXAaRywTwXBik00QVhQfSvEIyQQVjq0jA7h61P4P2nmLadolS6L2drZIo40OARHIAcccApq4ALUQQNgcAcewBN4Nu6NR+PFeJ23pozFzD74AePtE16Elt0=</latexit>



MADMAX and LAMPOST



Figure from PDG and C. O’Hare
 https://doi.org/10.5281/ zenodo.3932430.
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HETERODYNE

DM Radio

CASPER



Figure from PDG and C. O’Hare
 https://doi.org/10.5281/ zenodo.3932430.

Valid for QCD Axion!



CASPER
<latexit sha1_base64="4yW+hsNrZb3RQ+rd0NlK2/Q779I=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoPgKexqUI+iCDlJBBOFbFh6J71xyMzuOjMrhCUf4sVf8eJBES8eBP/GyePgq6ChqOqmuytMBdfGdT+dwszs3PxCcbG0tLyyulZe32jpJFMMmywRiboOQaPgMTYNNwKvU4UgQ4FXYf905F/dodI8iS/NIMWOhF7MI87AWCko79epr7nEW+pHClgOw1wG5zQKYEj9O2QjtyeB+qybmIlyFpQrbtUdg/4l3pRUyBSNoPzudxOWSYwNE6B123NT08lBGc4EDkt+pjEF1oceti2NQaLu5OPnhnTHKl0aJcpWbOhY/T6Rg9R6IEPbKcHc6N/eSPzPa2cmOurkPE4zgzGbLIoyQU1CR0nRLlfIjBhYAkxxeytlN2BDMjbPkg3B+/3yX9Laq3oH1dpFrXJ8Mo2jSLbINtklHjkkx6ROGqRJGLknj+SZvDgPzpPz6rxNWgvOdGaT/IDz8QVa46Dq</latexit>

H ' a

mNfa
~� · ~E

Without the axion you have a magnetisation component 

precessing around B (Larmor frequency)



CASPER
<latexit sha1_base64="4yW+hsNrZb3RQ+rd0NlK2/Q779I=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoPgKexqUI+iCDlJBBOFbFh6J71xyMzuOjMrhCUf4sVf8eJBES8eBP/GyePgq6ChqOqmuytMBdfGdT+dwszs3PxCcbG0tLyyulZe32jpJFMMmywRiboOQaPgMTYNNwKvU4UgQ4FXYf905F/dodI8iS/NIMWOhF7MI87AWCko79epr7nEW+pHClgOw1wG5zQKYEj9O2QjtyeB+qybmIlyFpQrbtUdg/4l3pRUyBSNoPzudxOWSYwNE6B123NT08lBGc4EDkt+pjEF1oceti2NQaLu5OPnhnTHKl0aJcpWbOhY/T6Rg9R6IEPbKcHc6N/eSPzPa2cmOurkPE4zgzGbLIoyQU1CR0nRLlfIjBhYAkxxeytlN2BDMjbPkg3B+/3yX9Laq3oH1dpFrXJ8Mo2jSLbINtklHjkkx6ROGqRJGLknj+SZvDgPzpPz6rxNWgvOdGaT/IDz8QVa46Dq</latexit>

H ' a

mNfa
~� · ~E



CASPER
<latexit sha1_base64="4yW+hsNrZb3RQ+rd0NlK2/Q779I=">AAACHHicbVDLSgNBEJyNrxhfUY9eBoPgKexqUI+iCDlJBBOFbFh6J71xyMzuOjMrhCUf4sVf8eJBES8eBP/GyePgq6ChqOqmuytMBdfGdT+dwszs3PxCcbG0tLyyulZe32jpJFMMmywRiboOQaPgMTYNNwKvU4UgQ4FXYf905F/dodI8iS/NIMWOhF7MI87AWCko79epr7nEW+pHClgOw1wG5zQKYEj9O2QjtyeB+qybmIlyFpQrbtUdg/4l3pRUyBSNoPzudxOWSYwNE6B123NT08lBGc4EDkt+pjEF1oceti2NQaLu5OPnhnTHKl0aJcpWbOhY/T6Rg9R6IEPbKcHc6N/eSPzPa2cmOurkPE4zgzGbLIoyQU1CR0nRLlfIjBhYAkxxeytlN2BDMjbPkg3B+/3yX9Laq3oH1dpFrXJ8Mo2jSLbINtklHjkkx6ROGqRJGLknj+SZvDgPzpPz6rxNWgvOdGaT/IDz8QVa46Dq</latexit>

H ' a

mNfa
~� · ~E



DANCE
Obata, Fujita, Michimura, ‘18



In each experimental bin we are summing over a multitude of plane waves 
with different phases

<latexit sha1_base64="kk9G2BrB/V0i02MD+2dGypIy9CE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW4loGXQxjKiMYHkCHubuWTJ3t6xuyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5YSqFsb7/7RXW1jc2t4rbpZ3dvf2D8uHRo0kyzbHJE5nodsgMSqGwaYWV2E41sjiU2ApHNzO/9YTaiEQ92HGKQcwGSkSCM+uke9ajvXLFr/pzkFVCc1KBHI1e+avbT3gWo7JcMmM61E9tMGHaCi5xWupmBlPGR2yAHUcVi9EEk/mpU3LmlD6JEu1KWTJXf09MWGzMOA5dZ8zs0Cx7M/E/r5PZ6CqYCJVmFhVfLIoySWxCZn+TvtDIrRw7wrgW7lbCh0wzbl06JRcCXX55lbQuqrRWpfSuVqlf53kU4QRO4RwoXEIdbqEBTeAwgGd4hTdPei/eu/exaC14+cwx/IH3+QN/Mo3C</latexit>a1

<latexit sha1_base64="pcMWAkUTjJ/DT8C/WxQtQ1xr3Rw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR6LXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvB5Gbud564NiJWDzhNuB/RkRKhYBStdE8HtUG54lbdBcg68XJSgRytQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF75mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1qufd1SvN6zyPIpzBOVyCBw1owi20oA0MRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AgLeNww==</latexit>a2

<latexit sha1_base64="VgB/P89Q7KB9hOAxY6GcLBTOZYE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0UI9FLx4rWltoQ5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2isdI/9y3654lbdOcgq8XJSgRzNfvmrN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5s8qAhLGyJQ2Zq78nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLq6R9UfVqVc+7q1Ua13keRTiBUzgHD+rQgFtoQgsoDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AgjyNxA==</latexit>a3

ALP DARK MATTER IN THE LAB



In each experimental bin we are summing over a multitude of plane waves 
with different phases

<latexit sha1_base64="X9dMgq8ZDxmjh7CGpnMHFOGUIIM="></latexit>

�!a ' 1

mahv2DMi ' 106

ma

Effectively: very slow modulation of an 

approximately monochromatic field

<latexit sha1_base64="kk9G2BrB/V0i02MD+2dGypIy9CE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW4loGXQxjKiMYHkCHubuWTJ3t6xuyeEkJ9gY6Egtv4hO/+Nm+QKTXww8Hhvhpl5YSqFsb7/7RXW1jc2t4rbpZ3dvf2D8uHRo0kyzbHJE5nodsgMSqGwaYWV2E41sjiU2ApHNzO/9YTaiEQ92HGKQcwGSkSCM+uke9ajvXLFr/pzkFVCc1KBHI1e+avbT3gWo7JcMmM61E9tMGHaCi5xWupmBlPGR2yAHUcVi9EEk/mpU3LmlD6JEu1KWTJXf09MWGzMOA5dZ8zs0Cx7M/E/r5PZ6CqYCJVmFhVfLIoySWxCZn+TvtDIrRw7wrgW7lbCh0wzbl06JRcCXX55lbQuqrRWpfSuVqlf53kU4QRO4RwoXEIdbqEBTeAwgGd4hTdPei/eu/exaC14+cwx/IH3+QN/Mo3C</latexit>a1

<latexit sha1_base64="pcMWAkUTjJ/DT8C/WxQtQ1xr3Rw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR6LXjxWtLbQhrLZbtqlm03YnQgl9Cd48aAgXv1D3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTRxOnmvE2i2WsuwE1XArF2yhQ8m6iOY0CyTvB5Gbud564NiJWDzhNuB/RkRKhYBStdE8HtUG54lbdBcg68XJSgRytQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF75mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1qufd1SvN6zyPIpzBOVyCBw1owi20oA0MRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AgLeNww==</latexit>a2

<latexit sha1_base64="VgB/P89Q7KB9hOAxY6GcLBTOZYE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0UI9FLx4rWltoQ5lsN+3SzSbsboQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nirIWjUWsOgFqJrhkLcONYJ1EMYwCwdrB+Gbmt5+Y0jyWD2aSMD/CoeQhp2isdI/9y3654lbdOcgq8XJSgRzNfvmrN4hpGjFpqECtu56bGD9DZTgVbFrqpZolSMc4ZF1LJUZM+9n81Ck5s8qAhLGyJQ2Zq78nMoy0nkSB7YzQjPSyNxP/87qpCa/8jMskNUzSxaIwFcTEZPY3GXDFqBETS5Aqbm8ldIQKqbHplGwI3vLLq6R9UfVqVc+7q1Ua13keRTiBUzgHD+rQgFtoQgsoDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4AgjyNxA==</latexit>a3

<latexit sha1_base64="6WKl3THzQocLorf0mWnlr8pVbZk="></latexit>

a(t) = a0


cos

✓
ma

✓
1 +

v21
2

◆
t+ �1

◆
+ cos

✓
ma

✓
1 +

v22
2

◆
t+ �2

◆
+ ...

�

<latexit sha1_base64="CBIlGIUFhXVmEfsO04T6cH3nem8="></latexit>

' a0 cos(mat+ �) [cos(�!at+ �0) + ...]

ALP DARK MATTER IN THE LAB



ULTRALIGHT

AXION-LIKE 


DARK MATTER
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Sphase(!) '
1

2
✏21d S�(! � !0)

(! !1/Q1)2

(!2 � !2
1)

2 + (! !1/Q1)2
!0Q1

!0Q0
Pin

<latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit>

Cavity Response

LEAKAGE NOISE



Sphase(!) '
1

2
✏21d S�(! � !0)

(! !1/Q1)2

(!2 � !2
1)

2 + (! !1/Q1)2
!0Q1

!0Q0
Pin

<latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit>

⇠ 1/ma
<latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit><latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit><latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit><latexit sha1_base64="To47Y0wueYWzyTlCnRLdZgIKYvE=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXY6bWsd0V3bisYB/YDiWTZtrQJDMkGaEM/Qs3LhRx69+4829MH4KKHrhwOOde7r0nTDjTBqEPZ2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dU+VZrG8NeOEBgIPJIsYwcZKd13NBPRORQ/3CkXkVquo7PkQuecIlfyqJeisVPF96LlohiJYoN4rvHf7MUkFlYZwrHXHQ4kJMqwMI5xO8t1U0wSTER7QjqUSC6qDbHbxBB5bpQ+jWNmSBs7U7xMZFlqPRWg7BTZD/dubin95ndRElSBjMkkNlWS+KEo5NDGcvg/7TFFi+NgSTBSzt0IyxAoTY0PK2xC+PoX/k2bJ9ZDr3ZSLtctFHDlwCI7ACfDABaiBa1AHDUCABA/gCTw72nl0XpzXeeuSs5g5AD/gvH0CAsqQfA==</latexit>

⇠ 1/ma
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