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10�22 eV 1048 GeVm�
<latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit>

O(1)
<latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit>

↵SM
<latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit><latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit><latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit><latexit sha1_base64="O22W5kN366BpMgOvydTggUNPPQQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRixehov2AJoTNdtsu3d2E3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6ecaeN5387K6tr6xmZpq7y9s7tXcfcPWjrJFKFNkvBEdWKsKWeSNg0znHZSRbGIOW3Ho+up336kSrNEPphxSkOBB5L1GcHGSpFbCTBPhzjKAyXQ/e0kcqtezZsBLRO/IFUo0Ijcr6CXkExQaQjHWnd9LzVhjpVhhNNJOcg0TTEZ4QHtWiqxoDrMZ4dP0IlVeqifKFvSoJn6eyLHQuuxiG2nwGaoF72p+J/XzUz/MsyZTDNDJZkv6mccmQRNU0A9pigxfGwJJorZWxEZYoWJsVmVbQj+4svLpHVW872af3derV8VcZTgCI7hFHy4gDrcQAOaQCCDZ3iFN+fJeXHenY9564pTzBzCHzifP3u9kvU=</latexit>

O(10�50)
<latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit>

O(1)
<latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit><latexit sha1_base64="bMBKoTQ7WKZnFGrleEfkiW0rFdI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBItQN2VGBF0W3bizgn1AO5ZMmmlDM8mQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QcyZNq777RRWVtfWN4qbpa3tnd298v5BS8tEEdokkkvVCbCmnAnaNMxw2okVxVHAaTsYX2d++5EqzaS4N5OY+hEeChYygo2VHnoRNiOCeXo7rXqn/XLFrbkzoGXi5aQCORr98ldvIEkSUWEIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVU4IhqP52lnqITqwxQKJV9wqCZ+nsjxZHWkyiwk1lKvehl4n9eNzHhpZ8yESeGCjI/FCYcGYmyCtCAKUoMn1iCiWI2KyIjrDAxtqiSLcFb/PIyaZ3VPLfm3Z1X6ld5HUU4gmOoggcXUIcbaEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AceRkgU=</latexit>

O(10�50)
<latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit><latexit sha1_base64="1NFNl/YqNkw7U72Fk8gRXx5y8dI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJliEurBMRNFl0Y07K9gHtLFMppN26GQSZiZCCQF/xY0LRdz6He78GydtF1o9MHA4517umePHnCmN0JdVWFhcWl4prpbW1jc2t+ztnaaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NFV7rceqFQsEnd6HFMvxAPBAkawNlLP3uuGWA8J5ulNVnHRfXp8hrKjnl1GVTSB85e4M1KGGeo9+7Pbj0gSUqEJx0p1XBRrL8VSM8JpVuomisaYjPCAdgwVOKTKSyfxM+fQKH0niKR5QjsT9edGikOlxqFvJvOwat7Lxf+8TqKDCy9lIk40FWR6KEi4oyMn78LpM0mJ5mNDMJHMZHXIEEtMtGmsZEpw57/8lzRPqi6quren5drlrI4i7MMBVMCFc6jBNdShAQRSeIIXeLUerWfrzXqfjhas2c4u/IL18Q2ZvJSU</latexit>

↵self
<latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit><latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit><latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit><latexit sha1_base64="dFWJ1KCU2YJ7kNrjAJcemR3AN/0=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjgi6LblxWsA9ohyGTZtrQJDMkGaWM/RQ3LhRx65e4829M21lo64ELh3PuTe49UcqZNp737ZTW1jc2t8rblZ3dvf0Dt3rY1kmmCG2RhCeqG2FNOZO0ZZjhtJsqikXEaSca38z8zgNVmiXy3kxSGgg8lCxmBBsrhW61j3k6wmHeVwLZZ+Jp6Na8ujcHWiV+QWpQoBm6X/1BQjJBpSEca93zvdQEOVaGEU6nlX6maYrJGA9pz1KJBdVBPl99ik6tMkBxomxJg+bq74kcC60nIrKdApuRXvZm4n9eLzPxVZAzmWaGSrL4KM44Mgma5YAGTFFi+MQSTBSzuyIywgoTY9Oq2BD85ZNXSfu87nt1/+6i1rgu4ijDMZzAGfhwCQ24hSa0gMAjPMMrvDlPzovz7nwsWktOMXMEf+B8/gBlt5QT</latexit>
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10�22 eV 1048 GeVm�
<latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit><latexit sha1_base64="zv8DB00r/EU9Laaq7scmfnuV2KE=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaot8jI9b3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHId5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvL6v1myKOMpzAKZxDCFdQhztoQBMIPMIzvMKbp7wX7937WLSWvGLmGP7A+/wBgmyPEg==</latexit>

Hu, Barkana, Gruzinov  ’00 
Hui, Ostriker, Tremaine, Witten ‘17

 Consistent with CMB  
 Reduced population of halos smaller than 

 Central core in galactic halos

� ⇠ 1/mv ⇠ kpc
<latexit sha1_base64="fpTra1WpvRSyvFCznLqrNNsyATs=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgqiYi6LLoxmUF+4AmlMlk0g6dScLMpFBC1278FTcuFHHrF7jzb5y2WWjrgYHDOedy554g5Uxpx/m2Siura+sb5c3K1vbO7p69f9BSSSYJbZKEJ7ITYEU5i2lTM81pJ5UUi4DTdjC8nfrtEZWKJfGDHqfUF7gfs4gRrI3Us489bsIhRp5iArnnAo3mNPekQMOUTHp21ak5M6Bl4hakCgUaPfvLCxOSCRprwrFSXddJtZ9jqRnhdFLxMkVTTIa4T7uGxlhQ5eezUybo1CghihJpXqzRTP09kWOh1FgEJimwHqhFbyr+53UzHV37OYvTTNOYzBdFGUc6QdNeUMgkJZqPDcFEMvNXRAZYYqJNexVTgrt48jJpXdRcp+beX1brN0UdZTiCEzgDF66gDnfQgCYQeIRneIU368l6sd6tj3m0ZBUzh/AH1ucPZ1CZcA==</latexit><latexit sha1_base64="fpTra1WpvRSyvFCznLqrNNsyATs=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgqiYi6LLoxmUF+4AmlMlk0g6dScLMpFBC1278FTcuFHHrF7jzb5y2WWjrgYHDOedy554g5Uxpx/m2Siura+sb5c3K1vbO7p69f9BSSSYJbZKEJ7ITYEU5i2lTM81pJ5UUi4DTdjC8nfrtEZWKJfGDHqfUF7gfs4gRrI3Us489bsIhRp5iArnnAo3mNPekQMOUTHp21ak5M6Bl4hakCgUaPfvLCxOSCRprwrFSXddJtZ9jqRnhdFLxMkVTTIa4T7uGxlhQ5eezUybo1CghihJpXqzRTP09kWOh1FgEJimwHqhFbyr+53UzHV37OYvTTNOYzBdFGUc6QdNeUMgkJZqPDcFEMvNXRAZYYqJNexVTgrt48jJpXdRcp+beX1brN0UdZTiCEzgDF66gDnfQgCYQeIRneIU368l6sd6tj3m0ZBUzh/AH1ucPZ1CZcA==</latexit><latexit sha1_base64="fpTra1WpvRSyvFCznLqrNNsyATs=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgqiYi6LLoxmUF+4AmlMlk0g6dScLMpFBC1278FTcuFHHrF7jzb5y2WWjrgYHDOedy554g5Uxpx/m2Siura+sb5c3K1vbO7p69f9BSSSYJbZKEJ7ITYEU5i2lTM81pJ5UUi4DTdjC8nfrtEZWKJfGDHqfUF7gfs4gRrI3Us489bsIhRp5iArnnAo3mNPekQMOUTHp21ak5M6Bl4hakCgUaPfvLCxOSCRprwrFSXddJtZ9jqRnhdFLxMkVTTIa4T7uGxlhQ5eezUybo1CghihJpXqzRTP09kWOh1FgEJimwHqhFbyr+53UzHV37OYvTTNOYzBdFGUc6QdNeUMgkJZqPDcFEMvNXRAZYYqJNexVTgrt48jJpXdRcp+beX1brN0UdZTiCEzgDF66gDnfQgCYQeIRneIU368l6sd6tj3m0ZBUzh/AH1ucPZ1CZcA==</latexit><latexit sha1_base64="fpTra1WpvRSyvFCznLqrNNsyATs=">AAACCnicbVDLSsNAFL2pr1pfUZduRovgqiYi6LLoxmUF+4AmlMlk0g6dScLMpFBC1278FTcuFHHrF7jzb5y2WWjrgYHDOedy554g5Uxpx/m2Siura+sb5c3K1vbO7p69f9BSSSYJbZKEJ7ITYEU5i2lTM81pJ5UUi4DTdjC8nfrtEZWKJfGDHqfUF7gfs4gRrI3Us489bsIhRp5iArnnAo3mNPekQMOUTHp21ak5M6Bl4hakCgUaPfvLCxOSCRprwrFSXddJtZ9jqRnhdFLxMkVTTIa4T7uGxlhQ5eezUybo1CghihJpXqzRTP09kWOh1FgEJimwHqhFbyr+53UzHV37OYvTTNOYzBdFGUc6QdNeUMgkJZqPDcFEMvNXRAZYYqJNexVTgrt48jJpXdRcp+beX1brN0UdZTiCEzgDF66gDnfQgCYQeIRneIU368l6sd6tj3m0ZBUzh/AH1ucPZ1CZcA==</latexit>

1010 M�

✓
10�22 eV

m

◆4/3

<latexit sha1_base64="HEjaebT1IpcbS+bYBctN0O1SvXg="></latexit><latexit sha1_base64="HEjaebT1IpcbS+bYBctN0O1SvXg="></latexit><latexit sha1_base64="HEjaebT1IpcbS+bYBctN0O1SvXg="></latexit><latexit sha1_base64="HEjaebT1IpcbS+bYBctN0O1SvXg="></latexit>

Very good particle physics motivations:

•Top-Down from String Theory 

•Strong CP 

•Generically predicted in a class of 
solutions to the Hierarchy Problem 

•Simple and predictive cosmology

eV
<latexit sha1_base64="yl1sbEOWZBpHkqGiyy1jnX3PcB8=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1ju2u6MZlBfuAdiiZNNOGJpkxyQhl6E+4caGIW3/HnX9j+hBU9MCFwzn3cu89YcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscX8389j1VmsXy1kwSGgg8lCxiBBsrdbKeEpC2pv1iCbm1Gqp4PkTuOUJlv2YJOitXfR96LpqjBJZo9IvvvUFMUkGlIRxr3fVQYoIMK8MIp9NCL9U0wWSMh7RrqcSC6iCb3zuFJ1YZwChWtqSBc/X7RIaF1hMR2k6BzUj/9mbiX143NVE1yJhMUkMlWSyKUg5NDGfPwwFTlBg+sQQTxeytkIywwsTYiAo2hK9P4f+kVXY95Ho3lVL9chlHHhyBY3AKPHAB6uAaNEATEMDBA3gCz86d8+i8OK+L1pyznDkEP+C8fQJNTZAk</latexit><latexit sha1_base64="yl1sbEOWZBpHkqGiyy1jnX3PcB8=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1ju2u6MZlBfuAdiiZNNOGJpkxyQhl6E+4caGIW3/HnX9j+hBU9MCFwzn3cu89YcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscX8389j1VmsXy1kwSGgg8lCxiBBsrdbKeEpC2pv1iCbm1Gqp4PkTuOUJlv2YJOitXfR96LpqjBJZo9IvvvUFMUkGlIRxr3fVQYoIMK8MIp9NCL9U0wWSMh7RrqcSC6iCb3zuFJ1YZwChWtqSBc/X7RIaF1hMR2k6BzUj/9mbiX143NVE1yJhMUkMlWSyKUg5NDGfPwwFTlBg+sQQTxeytkIywwsTYiAo2hK9P4f+kVXY95Ho3lVL9chlHHhyBY3AKPHAB6uAaNEATEMDBA3gCz86d8+i8OK+L1pyznDkEP+C8fQJNTZAk</latexit><latexit sha1_base64="yl1sbEOWZBpHkqGiyy1jnX3PcB8=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1ju2u6MZlBfuAdiiZNNOGJpkxyQhl6E+4caGIW3/HnX9j+hBU9MCFwzn3cu89YcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscX8389j1VmsXy1kwSGgg8lCxiBBsrdbKeEpC2pv1iCbm1Gqp4PkTuOUJlv2YJOitXfR96LpqjBJZo9IvvvUFMUkGlIRxr3fVQYoIMK8MIp9NCL9U0wWSMh7RrqcSC6iCb3zuFJ1YZwChWtqSBc/X7RIaF1hMR2k6BzUj/9mbiX143NVE1yJhMUkMlWSyKUg5NDGfPwwFTlBg+sQQTxeytkIywwsTYiAo2hK9P4f+kVXY95Ho3lVL9chlHHhyBY3AKPHAB6uAaNEATEMDBA3gCz86d8+i8OK+L1pyznDkEP+C8fQJNTZAk</latexit><latexit sha1_base64="yl1sbEOWZBpHkqGiyy1jnX3PcB8=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjK1ju2u6MZlBfuAdiiZNNOGJpkxyQhl6E+4caGIW3/HnX9j+hBU9MCFwzn3cu89YcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscX8389j1VmsXy1kwSGgg8lCxiBBsrdbKeEpC2pv1iCbm1Gqp4PkTuOUJlv2YJOitXfR96LpqjBJZo9IvvvUFMUkGlIRxr3fVQYoIMK8MIp9NCL9U0wWSMh7RrqcSC6iCb3zuFJ1YZwChWtqSBc/X7RIaF1hMR2k6BzUj/9mbiX143NVE1yJhMUkMlWSyKUg5NDGfPwwFTlBg+sQQTxeytkIywwsTYiAo2hK9P4f+kVXY95Ho3lVL9chlHHhyBY3AKPHAB6uAaNEATEMDBA3gCz86d8+i8OK+L1pyznDkEP+C8fQJNTZAk</latexit>
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Our new experimental concept: 


Initially developed with Superconducting Radio 
Frequency cavity experimentalists at SLAC
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A.Berlin, RTD, S. Ellis, C. Nantista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou ’19

A.Berlin, RTD, S. Ellis, K. Zhou ‘20



!a ' GHz
ma

10�6 eV
<latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit><latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit><latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit><latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit>

Frequency:

⌧a ' ms
10�6 eV

ma
<latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit><latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit><latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit><latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit>

Coherence:

�a ' 200 m
10�6 eV

ma
<latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit><latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit><latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit><latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit>

Max Exp. Size:

<latexit sha1_base64="I2uHk4Gh0/W8bhgNPLh4xSbTKis="></latexit>

a(t) '
p
2⇢DM

ma
cos(!at+ �)

AXION DM IN THE 
LABORATORY



AXION DETECTION

r⇥B ' @tE+ J+ ga��B @ta
<latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit>

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>

�
<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>

Je↵(t) ⇠ ga��B0(t)
p
⇢DMcosmat

<latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit><latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit><latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit><latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit>



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>

!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>

Problems: 

Cavity size ~

 Signal power decreases with 

axion mass

<latexit sha1_base64="ng8nFeFEQMGcSVLbF3NhL2EBRVQ=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegF48RXBNIljA7mU2GzGOZmRXCkm/w4kERr36QN//GSbIHTSxoKKq66e6KU86M9f1vr7Syura+Ud6sbG3v7O5V9w8ejco0oSFRXOl2jA3lTNLQMstpO9UUi5jTVjy6nfqtJ6oNU/LBjlMaCTyQLGEEWyeFwZno4V615tf9GdAyCQpSgwLNXvWr21ckE1RawrExncBPbZRjbRnhdFLpZoammIzwgHYclVhQE+WzYyfoxCl9lCjtSlo0U39P5FgYMxax6xTYDs2iNxX/8zqZTa6jnMk0s1SS+aIk48gqNP0c9ZmmxPKxI5ho5m5FZIg1JtblU3EhBIsvL5PH83pwWffvL2qNmyKOMhzBMZxCAFfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8iBo4+</latexit>
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A.Berlin, RTD, S. Ellis, C. Nantista, J. Nielson, P. Schuster, S. Tantawi, N. Toro, K. Zhou ’19

A.Berlin, RTD, S. Ellis, K. Zhou ‘20



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>

Static: Oscillating:

E1 ⇠
maga��

p
⇢DMB

m2
a � !2

1 + ima!
Q1

<latexit sha1_base64="sobJhiWAYo426p8IqDMzHqc37Ac="></latexit><latexit sha1_base64="sobJhiWAYo426p8IqDMzHqc37Ac="></latexit><latexit sha1_base64="sobJhiWAYo426p8IqDMzHqc37Ac="></latexit><latexit sha1_base64="sobJhiWAYo426p8IqDMzHqc37Ac="></latexit>

E1 ⇠
!0ga��

p
⇢DMB

(!0 +ma)2 � !2
1 + i (!0+ma)!

Q1
<latexit sha1_base64="wc34klSn/t5ntMQ6+rCjyl6eZ58="></latexit><latexit sha1_base64="wc34klSn/t5ntMQ6+rCjyl6eZ58="></latexit><latexit sha1_base64="wc34klSn/t5ntMQ6+rCjyl6eZ58="></latexit><latexit sha1_base64="wc34klSn/t5ntMQ6+rCjyl6eZ58="></latexit>
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A similar cavity already exists! 
Very well tested technology 

Radicati, Pegoraro, Picasso ‘78

Radicati

Menotti

Barbieri

RTD

MAGO ‘05



ROBUSTNESS TO LOADING
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Demonstrated 
for a different geometry, 

but same setup
Class.Quant.Grav. 20 (2003) 3505-3522, gr-qc/
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De Broglie Wavelength ~ 
Dwarf Galaxy 

We can see it in the lab!



SNEAK PREVIEW

te�fold ⇠ year B ⇠ 0.2 T V = m3
<latexit sha1_base64="oZzKJ+/0DkBpZpUFQ4g6njZ0hu8="></latexit><latexit sha1_base64="oZzKJ+/0DkBpZpUFQ4g6njZ0hu8="></latexit><latexit sha1_base64="oZzKJ+/0DkBpZpUFQ4g6njZ0hu8="></latexit><latexit sha1_base64="oZzKJ+/0DkBpZpUFQ4g6njZ0hu8="></latexit>

10-22 10-20 10-18 10-16 10-14 10-12 10-10 10-8 10-6 10-4
10-22
10-21
10-20
10-19
10-18
10-17
10-16
10-15
10-14
10-13
10-12
10-11
10-10
10-9

�Hz mHz Hz kHz MHz GHz

108

1010

1012

1014

1016

1018

ma [eV]

g a
��

[G
eV

-
1 ]

frequency = ma /2�

f a
[G
eV

]

D
M
Ra
di
o

A
D
M
X

re
so
na
nt

ca
vt
ies

QC
D a
xio
n

ALP DM
(� ~ 1)

SN1987A �

CAST

CM
B

thermal noise limited

resonant SRF scan

10-22 10-20 10-18 10-16 10-14 10-12 10-10 10-8 10-6 10-4
10-19

10-18

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9
�Hz mHz Hz kHz MHz GHz

ma [eV]

g a
��

[G
eV

-
1 ]

frequency = ma /2�

A
D
M
X

re
so
na
nt

ca
vt
ies

QC
D
ax
ion

ALP D
M (� ~ 1)

SN1987A �

CAST

CMB

ma � ��d

ma � �min

m
a
�
�
0

phase noise

mechanical noise

am
pli
�e
r n
ois
e

� = 10-3
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Resonant Broadband
•Much shorter run time (first step 

of the experiment) 

•Completely equivalent to 
resonant at the smallest 
masses 

•No need to control finely 
frequency splittings

A. Berlin, RTD, S. Ellis, K. Zhou ’20 

2007.15656



AXION BASICS



|✓| . 10�10

Neutron Neutron

Electric  
Dipole

✓GG̃
<latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit>

Experimentally

✓ = 0
<latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit><latexit sha1_base64="/2mphgq8YSb0BjTxDUTe6Uwi7gs=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgaZldQxIPQtCLxwjmAUkIs5PZZMjsw5leISz5CS8eFPHq73jzb5xNIqhoQUNR1U13lxdLoYGQDyu3srq2vpHfLGxt7+zuFfcPWjpKFONNFslIdTyquRQhb4IAyTux4jTwJG97k6vMb99zpUUU3sI05v2AjkLhC0bBSJ0ejDnQCzIoloh9Xqu45QomNiFVx3Uy4lbLZ2XsGCVDCS3RGBTfe8OIJQEPgUmqddchMfRTqkAwyWeFXqJ5TNmEjnjX0JAGXPfT+b0zfGKUIfYjZSoEPFe/T6Q00HoaeKYzoDDWv71M/MvrJuDX+qkI4wR4yBaL/ERiiHD2PB4KxRnIqSGUKWFuxWxMFWVgIiqYEL4+xf+Tlms7xHZuyqX65TKOPDpCx+gUOaiK6ugaNVATMSTRA3pCz9ad9Wi9WK+L1py1nDlEP2C9fQL4SI/r</latexit>

✓ 6= 0
<latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit><latexit sha1_base64="NGIYMsedOn9MbGM52VFzd/AHCrY=">AAAB8nicdVDLSgNBEJz1bXxFPXoZDIKnMBuXJN6CXjwqmAckIcxOOsmQ2dl1plcIIZ/hxYMiXv0ab/6NsxpBRQsaiqpuurvCREmLjL15C4tLyyura+u5jc2t7Z387l7DxqkRUBexik0r5BaU1FBHiQpaiQEehQqa4fg885u3YKyM9TVOEuhGfKjlQAqOTmp3cATIOxpuWC9fYMXTarkUlCkrMlbxS35GSpXgJKC+UzIUyByXvfxrpx+LNAKNQnFr2z5LsDvlBqVQMMt1UgsJF2M+hLajmkdgu9OPk2f0yCl9OoiNK430Q/0+MeWRtZModJ0Rx5H97WXiX147xUG1O5U6SRG0+Fw0SBXFmGb/0740IFBNHOHCSHcrFSNuuECXUs6F8PUp/Z80SkWfFf2roFA7m8exRg7IITkmPqmQGrkgl6ROBInJHXkgjx56996T9/zZuuDNZ/bJD3gv74xrkWw=</latexit>

CP IN QCD



THE AXION FROM ABOVE

✓GG̃
<latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit><latexit sha1_base64="4DRytejCjiyF6rRr9HhWuFpxY4s=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVcELYMWsYxgHpANYXb2Jhky+2DmrhiW7W38FRsLRWz9ATv/xskmhSYeuHA4596Ze48XS6HRtr+tldW19Y3NwlZxe2d3b790cNjSUaI4NHkkI9XxmAYpQmiiQAmdWAELPAltb3w99dv3oLSIwjucxNAL2DAUA8EZGqlfKrsID5i/kyrws9TFESDLaJ26KKQPtN4vVeyqnYMuE2dOKmSORr/05foRTwIIkUumddexY+ylTKHgErKim2iIGR+zIXQNDVkAupfmO2T0xCg+HUTKVIg0V39PpCzQehJ4pjNgONKL3lT8z+smOLjspSKME4SQzz4aJJJiRKfBUF8o4CgnhjCuhNmV8hFTjKOJr2hCcBZPXiats6pjV53b80rtah5HgRyTMjklDrkgNXJDGqRJOHkkz+SVvFlP1ov1bn3MWles+cwR+QPr8wdkEps4</latexit>

✓
✓ +

a

fa

◆
GG̃

<latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit><latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit><latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit><latexit sha1_base64="NPnHOw7NJQAN9qpx1CJeBUPI6OI="></latexit>

hai = �✓fa
<latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit><latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit><latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit><latexit sha1_base64="//F4vyMjiYsqo74neu96GR6x3Q0="></latexit>

At the minimum

Introduce a new global symmetry at fa



AXION BASICS 3

a

fa

⇡

f⇡
+ ...

<latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit><latexit sha1_base64="V2Yz7IuHfauBIyzmSVTsecoY1Fc=">AAACC3icbVDLSsNAFL3xWesr6tJNaBEEISQi6LLoxmUF+4AmhMl00g6dTMLMRCghezf+ihsXirj1B9z5N07aLLT1wDDnnnMvM/eEKaNSOc63sbK6tr6xWduqb+/s7u2bB4ddmWQCkw5OWCL6IZKEUU46iipG+qkgKA4Z6YWTm9LvPRAhacLv1TQlfoxGnEYUI6WlwGx4kUA4R0UeBaiYF15Ky7K8zmzbDsymYzszWMvErUgTKrQD88sbJjiLCVeYISkHrpMqP0dCUcxIUfcySVKEJ2hEBppyFBPp57NdCutEK0MrSoQ+XFkz9fdEjmIpp3GoO2OkxnLRK8X/vEGmois/pzzNFOF4/lCUMUslVhmMNaSCYMWmmiAsqP6rhcdI56F0fHUdgru48jLpntuuY7t3F83WdRVHDY6hAafgwiW04Bba0AEMj/AMr/BmPBkvxrvxMW9dMaqZI/gD4/MHZg+bOg==</latexit>

QCD Phase Transition
a

fa
GG̃

<latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit><latexit sha1_base64="s/NIuldwNbQDlyc65oEjDPo+13M=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0WXdRlBfuAJoTJZNIOnTyYuRFKzMJfceNCEbf+hjv/xmmbhbYeuHA4517uvcdPBVdgWd9GZWV1bX2julnb2t7Z3TP3D7oqySRlHZqIRPZ9opjgMesAB8H6qWQk8gXr+eObqd97YFLxJL6HScrciAxjHnJKQEueeeSEktCcFHnokaLlABcBwy3PrFsNawa8TOyS1FGJtmd+OUFCs4jFQAVRamBbKbg5kcCpYEXNyRRLCR2TIRtoGpOIKTef3V/gU60EOEykrhjwTP09kZNIqUnk686IwEgtelPxP2+QQXjl5jxOM2AxnS8KM4EhwdMwcMAloyAmmhAqub4V0xHRgYCOrKZDsBdfXibd84ZtNey7i3rzuoyjio7RCTpDNrpETXSL2qiDKHpEz+gVvRlPxovxbnzMWytGOXOI/sD4/AEDEJYS</latexit>

ma ⇠ m2
⇡

fa
⇠ 10�2 eV

109 GeV

fa
<latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit><latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit><latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit><latexit sha1_base64="j456rW01LfCF/7337t/ToFIUDCI="></latexit>

Mass

Relevant Coupling
a

fa
E ·B

<latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit><latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit><latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit><latexit sha1_base64="HgImdUPFTKoB9ozgdOVlonAfLJM=">AAACCnicbVBNS8MwGE7n15xfVY9eokPwNFoR9DgmgscJ7gPWUtIs3cLSpCSpMErPXvwrXjwo4tVf4M1/Y9b1oJsPJDx5nvflzfuECaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEqnEpIMFE7IfIkUY5aSjqWakn0iC4pCRXji5nvm9ByIVFfxeTxPix2jEaUQx0kYK7GMvkghnKM+iwFxeGMGb3MNDoWHxaOWBXXcaTgG4TNyS1EGJdmB/eUOB05hwjRlSauA6ifYzJDXFjOQ1L1UkQXiCRmRgKEcxUX5WrJLDU6MMYSSkOVzDQv3dkaFYqWkcmsoY6bFa9Gbif94g1dGVn1GepJpwPB8UpQxqAWe5wCGVBGs2NQRhSc1fIR4jk4026dVMCO7iysuke95wnYZ7d1Fvtso4quAInIAz4IJL0AS3oA06AINH8AxewZv1ZL1Y79bHvLRilT2H4A+szx8uS5qJ</latexit>

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>

�
<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>



SNEAK PREVIEW:  
QCD AXION
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Relevant to 
QCD Theta Angle



AXION DARK MATTER



V (a) = 0

T � ⇤QCD

MISALIGNMENT 
PRODUCTION

PQ breaking before inflation 
(for simplicity)



ma(T ) ⇡ 0.1ma

✓
⇤QCD

T

◆4

MISALIGNMENT 
PRODUCTION

PQ breaking before inflation 
(for simplicity)



✓̄

⇢a =
m2

af
2
a ✓̄

2

2

MISALIGNMENT 
PRODUCTION

PQ breaking before inflation 
(for simplicity)



✓̄

✓̈ + 3H ✓̇ +m
2
a(T )✓ = 0

✓ ⌘ a/fa

MISALIGNMENT 
PRODUCTION

Huge occupation number in a De Broglie volume (+ coherent state)  
=  

classical field



✓̈ + 3H ✓̇ +m
2
a(T )✓ = 0

AXION COSMOLOGY

✓/✓̄
a(t) / z3/2

ma(T ) & 3H

log(
p
m�MPl/T )

<latexit sha1_base64="b5vIqO/KiXLAQr6w2pTw0SmB0Us=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5qIoMuiGzdChb6gCWEynbZDZyZxZiKUkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufeeMGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyJFGBWkqalmpBNLgnjISDscXU/89gORikaioccx8TkaCNqnGGkjBfahx6IBrHjqXuqUB148pPA2SD3JYZ1l2WnjJLDLTtWZAi4SNydlkKMe2F9eL8IJJ0JjhpTquk6s/RRJTTEjWclLFIkRHqEB6RoqECfKT6evZPDYKD3Yj6QpoeFU/T2RIq7UmIemkyM9VPPeRPzP6ya6f+mnVMSJJgLPFvUTBnUEJ7nAHpUEazY2BGFJza0QD5FEWJv0SiYEd/7lRdI6q7pO1b07L9eu8jiK4AAcgQpwwQWogRtQB02AwSN4Bq/gzXqyXqx362PWWrDymX3wB9bnDy3Gmek=</latexit><latexit sha1_base64="b5vIqO/KiXLAQr6w2pTw0SmB0Us=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5qIoMuiGzdChb6gCWEynbZDZyZxZiKUkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufeeMGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyJFGBWkqalmpBNLgnjISDscXU/89gORikaioccx8TkaCNqnGGkjBfahx6IBrHjqXuqUB148pPA2SD3JYZ1l2WnjJLDLTtWZAi4SNydlkKMe2F9eL8IJJ0JjhpTquk6s/RRJTTEjWclLFIkRHqEB6RoqECfKT6evZPDYKD3Yj6QpoeFU/T2RIq7UmIemkyM9VPPeRPzP6ya6f+mnVMSJJgLPFvUTBnUEJ7nAHpUEazY2BGFJza0QD5FEWJv0SiYEd/7lRdI6q7pO1b07L9eu8jiK4AAcgQpwwQWogRtQB02AwSN4Bq/gzXqyXqx362PWWrDymX3wB9bnDy3Gmek=</latexit><latexit sha1_base64="b5vIqO/KiXLAQr6w2pTw0SmB0Us=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5qIoMuiGzdChb6gCWEynbZDZyZxZiKUkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufeeMGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyJFGBWkqalmpBNLgnjISDscXU/89gORikaioccx8TkaCNqnGGkjBfahx6IBrHjqXuqUB148pPA2SD3JYZ1l2WnjJLDLTtWZAi4SNydlkKMe2F9eL8IJJ0JjhpTquk6s/RRJTTEjWclLFIkRHqEB6RoqECfKT6evZPDYKD3Yj6QpoeFU/T2RIq7UmIemkyM9VPPeRPzP6ya6f+mnVMSJJgLPFvUTBnUEJ7nAHpUEazY2BGFJza0QD5FEWJv0SiYEd/7lRdI6q7pO1b07L9eu8jiK4AAcgQpwwQWogRtQB02AwSN4Bq/gzXqyXqx362PWWrDymX3wB9bnDy3Gmek=</latexit><latexit sha1_base64="b5vIqO/KiXLAQr6w2pTw0SmB0Us=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5qIoMuiGzdChb6gCWEynbZDZyZxZiKUkLUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufeeMGZUacf5tgpLyyura8X10sbm1vaOvbvXUlEiMWniiEWyEyJFGBWkqalmpBNLgnjISDscXU/89gORikaioccx8TkaCNqnGGkjBfahx6IBrHjqXuqUB148pPA2SD3JYZ1l2WnjJLDLTtWZAi4SNydlkKMe2F9eL8IJJ0JjhpTquk6s/RRJTTEjWclLFIkRHqEB6RoqECfKT6evZPDYKD3Yj6QpoeFU/T2RIq7UmIemkyM9VPPeRPzP6ya6f+mnVMSJJgLPFvUTBnUEJ7nAHpUEazY2BGFJza0QD5FEWJv0SiYEd/7lRdI6q7pO1b07L9eu8jiK4AAcgQpwwQWogRtQB02AwSN4Bq/gzXqyXqx362PWWrDymX3wB9bnDy3Gmek=</latexit>



SNEAK PREVIEW: 
SIMPLEST ALP

“Simplest ALP”
T-independent mass
Natural misalignment
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N.B. Many ways to populate the rest of the parameter space 
Agrawal, Marques-Tavares, Xue ’17 

Graham, Scherlis ’18 
Marques-Tavares, Mao ‘18



AXION DARK MATTER 
DETECTION



AXION DM IN THE 
LABORATORY

Produced Colder than the SM (even if not via misalignment)

Lots of axions in each frequency bin that we can resolve (even more in a De Broglie 
volume):

Ea ⇡ ma

<latexit sha1_base64="TvkrkA8VUQx3UpmD9HCMX/bjhFE=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquCOqtKILHCvYD2mWZTbNtaDZZkqxYS3+JFw+KePWnePPfmLZ70NYHA4/3ZpiZF6WcaeN5305hZXVtfaO4Wdra3tktu3v7TS0zRWiDSC5VOwJNORO0YZjhtJ0qCknEaSsaXk/91gNVmklxb0YpDRLoCxYzAsZKoVu+CQF3IU2VfMRJCKFb8areDHiZ+DmpoBz10P3q9iTJEioM4aB1x/dSE4xBGUY4nZS6maYpkCH0acdSAQnVwXh2+AQfW6WHY6lsCYNn6u+JMSRaj5LIdiZgBnrRm4r/eZ3MxBfBmIk0M1SQ+aI449hIPE0B95iixPCRJUAUs7diMgAFxNisSjYEf/HlZdI8rfpn1cu7s0rtKo+jiA7RETpBPjpHNXSL6qiBCMrQM3pFb86T8+K8Ox/z1oKTzxygP3A+fwAHx5K1</latexit>

It acquires a small velocity dispersion from virialization in the Milky Way

<latexit sha1_base64="bb0NW4QoX7Ve0pTf4dIKwuyAbtw=">AAACC3icbVBNS8NAEN34WetX1KOX1SJ4sSRa0GNRD16ECtYWmhg22227dHcTdzeFEnL24l/x4kFBvPoHvPlv3LY5aOuDgcd7M8zMC2NGlXacb2tufmFxabmwUlxdW9/YtLe271SUSEzqOGKRbIZIEUYFqWuqGWnGkiAeMtII+xcjvzEgUtFI3OphTHyOuoJ2KEbaSIG95yna5ShIB0HqSQ4vr7PMSJw8QNe5T49OssAuOWVnDDhL3JyUQI5aYH957QgnnAiNGVKq5Tqx9lMkNcWMZEUvUSRGuI+6pGWoQJwoPx2/ksEDo7RhJ5KmhIZj9fdEirhSQx6aTo50T017I/E/r5XozpmfUhEnmgg8WdRJGNQRHOUC21QSrNnQEIQlNbdC3EMSYW3SK5oQ3OmXZ0njuOxWyq57UylVz/M8CmAX7IND4IJTUAVXoAbqAINH8AxewZv1ZL1Y79bHpHXOymd2wB9Ynz8zVZpd</latexit>

�vDM ' 10�3

<latexit sha1_base64="t4IDX6eTqqFzkLsCwoofV1Y2LS8="></latexit>

Ea ' ma

✓
1 +

v2DM

2

◆

<latexit sha1_base64="DFztqpc/knzrCEhR+W0BxHLJq7k="></latexit>

�Na ' ⇢DMV

m2
atintv

2
DM

' 1024
✓
10�14 eV

ma

◆2 ✓
year

tint

◆✓
V

m3

◆



In each experimental bin we are summing over a multitude of plane waves with 
different phases (axion DM=gaussian random field):

AXION DM IN THE 
LABORATORY

<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) + ...]



!a ' GHz
ma

10�6 eV
<latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit><latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit><latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit><latexit sha1_base64="mA1GuSa6svBnXlTQ2K4JeagTB2E=">AAACIXicbVDLSsRAEJz4dn2tevQyuAheXBIRFbyIHvSo4D5gs4bObGcdnEnizERYQ37Fi7/ixYMi3sSfcfZxUNeChqKqm+6uMBVcG9f9dCYmp6ZnZufmSwuLS8sr5dW1uk4yxbDGEpGoZggaBY+xZrgR2EwVggwFNsLb077fuEeleRJfmV6KbQndmEecgbFSUD70E4ldCID6mku8o7mvJD07fyj8Iz9SwHIZQJF77nW+s2+1gY31ogjKFbfqDkDHiTciFTLCRVD+8DsJyyTGhgnQuuW5qWnnoAxnAouSn2lMgd1CF1uWxiBRt/PBhwXdskqHRomyFRs6UH9O5CC17snQdkowN/qv1xf/81qZiQ7bOY/TzGDMhouiTFCT0H5ctMMVMiN6lgBT3N5K2Q3YXIwNtWRD8P6+PE7qu1XPrXqXe5Xjk1Ecc2SDbJJt4pEDckzOyQWpEUYeyTN5JW/Ok/PivDsfw9YJZzSzTn7B+foGLkWjgg==</latexit>

Frequency:

⌧a ' ms
10�6 eV

ma
<latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit><latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit><latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit><latexit sha1_base64="LdaLrAOGoJQnkyLL2xSJgtTwFI8=">AAACH3icbVBNS8NAEN34bf2qevSyWAQvlkSkCl5ELx4r2FZoaphsJ7q4m8TdjVBC/okX/4oXD4qIt/4btx8HbX0w8Pa9GXbmhang2rhu35mZnZtfWFxaLq2srq1vlDe3mjrJFMMGS0SibkLQKHiMDcONwJtUIchQYCt8uBj4rSdUmifxteml2JFwF/OIMzBWCso130AWAPU1l/hIc19JKnXhn1I/UsByz73ND2r2PXSwWRS5DKAIyhW36g5Bp4k3JhUyRj0of/vdhGUSY8MEaN323NR0clCGM4FFyc80psAe4A7blsYgUXfy4X0F3bNKl0aJshUbOlR/T+Qgte7J0HZKMPd60huI/3ntzEQnnZzHaWYwZqOPokxQk9BBWLTLFTIjepYAU9zuStk92FyMjbRkQ/AmT54mzcOq51a9q6PK2fk4jiWyQ3bJPvHIMTkjl6ROGoSRZ/JK3smH8+K8OZ/O16h1xhnPbJM/cPo/hBmipg==</latexit>

Coherence:

�a ' 200 m
10�6 eV

ma
<latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit><latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit><latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit><latexit sha1_base64="GjSehWKTOFs0LsVUJvZtFdvo3rQ="></latexit>

Max Exp. Size:

<latexit sha1_base64="I2uHk4Gh0/W8bhgNPLh4xSbTKis="></latexit>

a(t) '
p
2⇢DM

ma
cos(!at+ �)

AXION DM IN THE 
LABORATORY



AXION DETECTION

r⇥B ' @tE+ J+ ga��B @ta
<latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit>

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>

�
<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>

Je↵(t) ⇠ ga��B0(t)
p
⇢DMcosmat

<latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit><latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit><latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit><latexit sha1_base64="aJWjBRLIoE01voS1DqU7jOMJXs0="></latexit>



AXION DETECTION

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>

�
<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>

Je↵ ⇠ 10�15 A/cm2

✓
ga��

10�12 GeV�1

◆✓
B0

4 T

◆

<latexit sha1_base64="ZLJz4e+HSHDcw8/9ZCnPef6xeCQ="></latexit><latexit sha1_base64="ZLJz4e+HSHDcw8/9ZCnPef6xeCQ="></latexit><latexit sha1_base64="ZLJz4e+HSHDcw8/9ZCnPef6xeCQ="></latexit><latexit sha1_base64="ZLJz4e+HSHDcw8/9ZCnPef6xeCQ="></latexit>

108 A/cm2
<latexit sha1_base64="WJ2/HOtyC4jKpGwbcvZfr0d/40w=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZMiWHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIdVP6UiTjQReLYoTBjUEZxEAftUEqzZ2BCEJTW3QjxEEmFtAiuaENz5lxdJs1J2nbJ7d16qXedxFMAROAanwAUXoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8Ava6UHA==</latexit><latexit sha1_base64="WJ2/HOtyC4jKpGwbcvZfr0d/40w=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZMiWHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIdVP6UiTjQReLYoTBjUEZxEAftUEqzZ2BCEJTW3QjxEEmFtAiuaENz5lxdJs1J2nbJ7d16qXedxFMAROAanwAUXoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8Ava6UHA==</latexit><latexit sha1_base64="WJ2/HOtyC4jKpGwbcvZfr0d/40w=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZMiWHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIdVP6UiTjQReLYoTBjUEZxEAftUEqzZ2BCEJTW3QjxEEmFtAiuaENz5lxdJs1J2nbJ7d16qXedxFMAROAanwAUXoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8Ava6UHA==</latexit><latexit sha1_base64="WJ2/HOtyC4jKpGwbcvZfr0d/40w=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZMiWHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIdVP6UiTjQReLYoTBjUEZxEAftUEqzZ2BCEJTW3QjxEEmFtAiuaENz5lxdJs1J2nbJ7d16qXedxFMAROAanwAUXoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8Ava6UHA==</latexit>

Graphene

107 A/cm2
<latexit sha1_base64="FCekBgk0NUJXwHwsP2GNn5N63e8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZMiVHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIcXfkpFnGgi8GxRmDCoIziJAvapJFizsSEIS2puhXiIJMLaBFY0IbjzLy+SZqXsOmX37rxUu87jKIAjcAxOgQuqoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8AvBuUGw==</latexit><latexit sha1_base64="FCekBgk0NUJXwHwsP2GNn5N63e8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZMiVHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIcXfkpFnGgi8GxRmDCoIziJAvapJFizsSEIS2puhXiIJMLaBFY0IbjzLy+SZqXsOmX37rxUu87jKIAjcAxOgQuqoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8AvBuUGw==</latexit><latexit sha1_base64="FCekBgk0NUJXwHwsP2GNn5N63e8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZMiVHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIcXfkpFnGgi8GxRmDCoIziJAvapJFizsSEIS2puhXiIJMLaBFY0IbjzLy+SZqXsOmX37rxUu87jKIAjcAxOgQuqoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8AvBuUGw==</latexit><latexit sha1_base64="FCekBgk0NUJXwHwsP2GNn5N63e8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZMiVHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIcXfkpFnGgi8GxRmDCoIziJAvapJFizsSEIS2puhXiIJMLaBFY0IbjzLy+SZqXsOmX37rxUu87jKIAjcAxOgQuqoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8AvBuUGw==</latexit>

CopperFlashlamp

104 A/cm2
<latexit sha1_base64="PJ1bytKv+zJkPOtBiGMOkLhyA3c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZNSUHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIcXfkpFnGgi8GxRmDCoIziJAvapJFizsSEIS2puhXiIJMLaBFY0IbjzLy+SZqXsOmX3rlqqXedxFMAROAanwAXnoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8At2KUGA==</latexit><latexit sha1_base64="PJ1bytKv+zJkPOtBiGMOkLhyA3c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZNSUHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIcXfkpFnGgi8GxRmDCoIziJAvapJFizsSEIS2puhXiIJMLaBFY0IbjzLy+SZqXsOmX3rlqqXedxFMAROAanwAXnoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8At2KUGA==</latexit><latexit sha1_base64="PJ1bytKv+zJkPOtBiGMOkLhyA3c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZNSUHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIcXfkpFnGgi8GxRmDCoIziJAvapJFizsSEIS2puhXiIJMLaBFY0IbjzLy+SZqXsOmX3rlqqXedxFMAROAanwAXnoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8At2KUGA==</latexit><latexit sha1_base64="PJ1bytKv+zJkPOtBiGMOkLhyA3c=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZNSUHBTdeOygn1Ak5bJdNIOnZmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wliRpV2nG9raXlldW29sFHc3Nre2bX39psqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBaObid96IFLRSNzrcUx8jgaChhQjbaSefeg63bSaeZepJzm8OsO8W8l6dskpO1PAReLmpARy1Hv2l9ePcMKJ0JghpTquE2s/RVJTzEhW9BJFYoRHaEA6hgrEifLT6fUZPDFKH4aRNCU0nKq/J1LElRrzwHRypIdq3puI/3mdRIcXfkpFnGgi8GxRmDCoIziJAvapJFizsSEIS2puhXiIJMLaBFY0IbjzLy+SZqXsOmX3rlqqXedxFMAROAanwAXnoAZuQR00AAaP4Bm8gjfryXqx3q2PWeuSlc8cgD+wPn8At2KUGA==</latexit>



AXION DETECTION
r⇥B ' @tE+ J+ ga��B @ta

<latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit>

Cavity:

r⇥E = �@tB
<latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit><latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit><latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit><latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit>

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
r⇥B ' @tE+ J+ ga��B @ta

<latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit>

Cavity:

r⇥E = �@tB
<latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit><latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit><latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit><latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit>

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 ' 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>



AXION DETECTION
r⇥B ' @tE+ J+ ga��B @ta

<latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit><latexit sha1_base64="8Hj16kC1+vfoLi+QG5Hz2cn8lg0="></latexit>

Cavity:

r⇥E = �@tB
<latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit><latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit><latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit><latexit sha1_base64="GluI9sl9xDmlJsdO6/UulrwHD3E=">AAACG3icbVBNS8NAEN3U7/pV9ehlsQheLEkR9CKIInhUsLXQhDDZburiZhN2J0IJ/R9e/CtePCjiSfDgv3HTFvHrwcLjvZnZmRdlUhh03Q+nMjU9Mzs3v1BdXFpeWa2trbdNmmvGWyyVqe5EYLgUirdQoOSdTHNIIsmvopuT0r+65dqIVF3iIONBAn0lYsEArRTWmr6CSAL1USTcUD8BvI7i4nRID+ku9TPQKECG+OUcD8Na3W24I9C/xJuQOpngPKy9+b2U5QlXyCQY0/XcDIOiHM0kH1b93PAM2A30eddSBXaToBjdNqTbVunRONX2KaQj9XtHAYkxgySyleWG5rdXiv953Rzjg6AQKsuRKzb+KM4lxZSWQdGe0JyhHFgCTAu7K2XXoIGhjbNqQ/B+n/yXtJsNz214F3v1o+NJHPNkk2yRHeKRfXJEzsg5aRFG7sgDeSLPzr3z6Lw4r+PSijPp2SA/4Lx/AhMfoNA=</latexit>

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 ' 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

Q1
@t +m2

a

◆
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>



AXION DETECTION

!a ⇠ ma
<latexit sha1_base64="wl/Hxh6SDX59hsW9oHZVtUPcSnI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48V7Ae0IUy2m3bpbjbsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v6BWz1sa5kpQltEcqm6EWjKWUJbhhlOu6miICJOO9H4ZuZ3HqjSTCb3ZpLSQMAwYTEjYKwUutW+FHQIIeC+ZgKLEEK35tW9OfAq8QtSQwWaofvVH0iSCZoYwkHrnu+lJshBGUY4nVb6maYpkDEMac/SBATVQT4/fYpPrTLAsVS2EoPn6u+JHITWExHZTgFmpJe9mfif18tMfBXkLEkzQxOyWBRnHBuJZzngAVOUGD6xBIhi9lZMRqCAGJtWxYbgL7+8Strndd+r+3cXtcZ1EUcZHaMTdIZ8dIka6BY1UQsR9Iie0St6c56cF+fd+Vi0lpxi5gj9gfP5A5aSk4w=</latexit><latexit sha1_base64="wl/Hxh6SDX59hsW9oHZVtUPcSnI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48V7Ae0IUy2m3bpbjbsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v6BWz1sa5kpQltEcqm6EWjKWUJbhhlOu6miICJOO9H4ZuZ3HqjSTCb3ZpLSQMAwYTEjYKwUutW+FHQIIeC+ZgKLEEK35tW9OfAq8QtSQwWaofvVH0iSCZoYwkHrnu+lJshBGUY4nVb6maYpkDEMac/SBATVQT4/fYpPrTLAsVS2EoPn6u+JHITWExHZTgFmpJe9mfif18tMfBXkLEkzQxOyWBRnHBuJZzngAVOUGD6xBIhi9lZMRqCAGJtWxYbgL7+8Strndd+r+3cXtcZ1EUcZHaMTdIZ8dIka6BY1UQsR9Iie0St6c56cF+fd+Vi0lpxi5gj9gfP5A5aSk4w=</latexit><latexit sha1_base64="wl/Hxh6SDX59hsW9oHZVtUPcSnI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48V7Ae0IUy2m3bpbjbsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v6BWz1sa5kpQltEcqm6EWjKWUJbhhlOu6miICJOO9H4ZuZ3HqjSTCb3ZpLSQMAwYTEjYKwUutW+FHQIIeC+ZgKLEEK35tW9OfAq8QtSQwWaofvVH0iSCZoYwkHrnu+lJshBGUY4nVb6maYpkDEMac/SBATVQT4/fYpPrTLAsVS2EoPn6u+JHITWExHZTgFmpJe9mfif18tMfBXkLEkzQxOyWBRnHBuJZzngAVOUGD6xBIhi9lZMRqCAGJtWxYbgL7+8Strndd+r+3cXtcZ1EUcZHaMTdIZ8dIka6BY1UQsR9Iie0St6c56cF+fd+Vi0lpxi5gj9gfP5A5aSk4w=</latexit><latexit sha1_base64="wl/Hxh6SDX59hsW9oHZVtUPcSnI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48V7Ae0IUy2m3bpbjbsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8KOVMG8/7dkpr6xubW+Xtys7u3v6BWz1sa5kpQltEcqm6EWjKWUJbhhlOu6miICJOO9H4ZuZ3HqjSTCb3ZpLSQMAwYTEjYKwUutW+FHQIIeC+ZgKLEEK35tW9OfAq8QtSQwWaofvVH0iSCZoYwkHrnu+lJshBGUY4nVb6maYpkDEMac/SBATVQT4/fYpPrTLAsVS2EoPn6u+JHITWExHZTgFmpJe9mfif18tMfBXkLEkzQxOyWBRnHBuJZzngAVOUGD6xBIhi9lZMRqCAGJtWxYbgL7+8Strndd+r+3cXtcZ1EUcZHaMTdIZ8dIka6BY1UQsR9Iie0St6c56cF+fd+Vi0lpxi5gj9gfP5A5aSk4w=</latexit>

Qa ⇠ 106
<latexit sha1_base64="l5JUne/RC6PDFdUQJ6rSxObxS3Q=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaox6JXjxC4gIJrKRbutDQdte2S0I2/A4vHjTGqz/Gm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRU8epItQnMY9VO8Saciapb5jhtJ0oikXIaSsc3c381pgqzWL5YCYJDQQeSBYxgo2VgkYPo65mAnnu41WvXHGr7hxolXg5qUCOeq/81e3HJBVUGsKx1h3PTUyQYWUY4XRa6qaaJpiM8IB2LJVYUB1k86On6MwqfRTFypY0aK7+nsiw0HoiQtspsBnqZW8m/ud1UhPdBBmTSWqoJItFUcqRidEsAdRnihLDJ5Zgopi9FZEhVpgYm1PJhuAtv7xKmhdVz616jctK7TaPowgncArn4ME11OAe6uADgSd4hld4c8bOi/PufCxaC04+cwx/4Hz+APVakOc=</latexit><latexit sha1_base64="l5JUne/RC6PDFdUQJ6rSxObxS3Q=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaox6JXjxC4gIJrKRbutDQdte2S0I2/A4vHjTGqz/Gm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRU8epItQnMY9VO8Saciapb5jhtJ0oikXIaSsc3c381pgqzWL5YCYJDQQeSBYxgo2VgkYPo65mAnnu41WvXHGr7hxolXg5qUCOeq/81e3HJBVUGsKx1h3PTUyQYWUY4XRa6qaaJpiM8IB2LJVYUB1k86On6MwqfRTFypY0aK7+nsiw0HoiQtspsBnqZW8m/ud1UhPdBBmTSWqoJItFUcqRidEsAdRnihLDJ5Zgopi9FZEhVpgYm1PJhuAtv7xKmhdVz616jctK7TaPowgncArn4ME11OAe6uADgSd4hld4c8bOi/PufCxaC04+cwx/4Hz+APVakOc=</latexit><latexit sha1_base64="l5JUne/RC6PDFdUQJ6rSxObxS3Q=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaox6JXjxC4gIJrKRbutDQdte2S0I2/A4vHjTGqz/Gm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRU8epItQnMY9VO8Saciapb5jhtJ0oikXIaSsc3c381pgqzWL5YCYJDQQeSBYxgo2VgkYPo65mAnnu41WvXHGr7hxolXg5qUCOeq/81e3HJBVUGsKx1h3PTUyQYWUY4XRa6qaaJpiM8IB2LJVYUB1k86On6MwqfRTFypY0aK7+nsiw0HoiQtspsBnqZW8m/ud1UhPdBBmTSWqoJItFUcqRidEsAdRnihLDJ5Zgopi9FZEhVpgYm1PJhuAtv7xKmhdVz616jctK7TaPowgncArn4ME11OAe6uADgSd4hld4c8bOi/PufCxaC04+cwx/4Hz+APVakOc=</latexit><latexit sha1_base64="l5JUne/RC6PDFdUQJ6rSxObxS3Q=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaox6JXjxC4gIJrKRbutDQdte2S0I2/A4vHjTGqz/Gm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRU8epItQnMY9VO8Saciapb5jhtJ0oikXIaSsc3c381pgqzWL5YCYJDQQeSBYxgo2VgkYPo65mAnnu41WvXHGr7hxolXg5qUCOeq/81e3HJBVUGsKx1h3PTUyQYWUY4XRa6qaaJpiM8IB2LJVYUB1k86On6MwqfRTFypY0aK7+nsiw0HoiQtspsBnqZW8m/ud1UhPdBBmTSWqoJItFUcqRidEsAdRnihLDJ5Zgopi9FZEhVpgYm1PJhuAtv7xKmhdVz616jctK7TaPowgncArn4ME11OAe6uADgSd4hld4c8bOi/PufCxaC04+cwx/4Hz+APVakOc=</latexit>

Resonant for many cycles

Problems:

1. Cavity size ~ (axion 
mass)^-1 

2.  Signal power 
decreases with axion 

mass

Ideal for

ma ⇠ GHz ⇠ 10
�6

eV
<latexit sha1_base64="CKVsVcf68sHXeshVhNVcpKpD7Jo=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEgwUCUIARJLBQMdi0QfUhMix3Vaq3YS2Q5SifINLPwKCwMIsTKx8Te4aQZoOdKVjs+5V773+DGjUlnWtzE3v7C4tFxaKa+urW9smlvbLRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w6ux374nQtIovFWjmLgc9UMaUIyUljzzkHsIOpJymDqCw+v6QzZ52tZdenSaORe5TlqZZ1asqpUDzhK7IBVQoOGZX04vwgknocIMSdm1rVi5KRKKYkayspNIEiM8RH3S1TREnEg3zU/K4L5WejCIhK5QwVz9PZEiLuWI+7qTIzWQ095Y/M/rJio4d1MaxokiIZ58FCQMqgiO84E9KghWbKQJwoLqXSEeIIGw0imWdQj29MmzpHVcta2qfXNSqV0WcZTALtgDB8AGZ6AG6qABmgCDR/AMXsGb8WS8GO/Gx6R1zihmdsAfGJ8/40qcVw==</latexit><latexit sha1_base64="CKVsVcf68sHXeshVhNVcpKpD7Jo=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEgwUCUIARJLBQMdi0QfUhMix3Vaq3YS2Q5SifINLPwKCwMIsTKx8Te4aQZoOdKVjs+5V773+DGjUlnWtzE3v7C4tFxaKa+urW9smlvbLRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w6ux374nQtIovFWjmLgc9UMaUIyUljzzkHsIOpJymDqCw+v6QzZ52tZdenSaORe5TlqZZ1asqpUDzhK7IBVQoOGZX04vwgknocIMSdm1rVi5KRKKYkayspNIEiM8RH3S1TREnEg3zU/K4L5WejCIhK5QwVz9PZEiLuWI+7qTIzWQ095Y/M/rJio4d1MaxokiIZ58FCQMqgiO84E9KghWbKQJwoLqXSEeIIGw0imWdQj29MmzpHVcta2qfXNSqV0WcZTALtgDB8AGZ6AG6qABmgCDR/AMXsGb8WS8GO/Gx6R1zihmdsAfGJ8/40qcVw==</latexit><latexit sha1_base64="CKVsVcf68sHXeshVhNVcpKpD7Jo=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEgwUCUIARJLBQMdi0QfUhMix3Vaq3YS2Q5SifINLPwKCwMIsTKx8Te4aQZoOdKVjs+5V773+DGjUlnWtzE3v7C4tFxaKa+urW9smlvbLRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w6ux374nQtIovFWjmLgc9UMaUIyUljzzkHsIOpJymDqCw+v6QzZ52tZdenSaORe5TlqZZ1asqpUDzhK7IBVQoOGZX04vwgknocIMSdm1rVi5KRKKYkayspNIEiM8RH3S1TREnEg3zU/K4L5WejCIhK5QwVz9PZEiLuWI+7qTIzWQ095Y/M/rJio4d1MaxokiIZ58FCQMqgiO84E9KghWbKQJwoLqXSEeIIGw0imWdQj29MmzpHVcta2qfXNSqV0WcZTALtgDB8AGZ6AG6qABmgCDR/AMXsGb8WS8GO/Gx6R1zihmdsAfGJ8/40qcVw==</latexit><latexit sha1_base64="CKVsVcf68sHXeshVhNVcpKpD7Jo=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEgwUCUIARJLBQMdi0QfUhMix3Vaq3YS2Q5SifINLPwKCwMIsTKx8Te4aQZoOdKVjs+5V773+DGjUlnWtzE3v7C4tFxaKa+urW9smlvbLRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7w6ux374nQtIovFWjmLgc9UMaUIyUljzzkHsIOpJymDqCw+v6QzZ52tZdenSaORe5TlqZZ1asqpUDzhK7IBVQoOGZX04vwgknocIMSdm1rVi5KRKKYkayspNIEiM8RH3S1TREnEg3zU/K4L5WejCIhK5QwVz9PZEiLuWI+7qTIzWQ095Y/M/rJio4d1MaxokiIZ58FCQMqgiO84E9KghWbKQJwoLqXSEeIIGw0imWdQj29MmzpHVcta2qfXNSqV0WcZTALtgDB8AGZ6AG6qABmgCDR/AMXsGb8WS8GO/Gx6R1zihmdsAfGJ8/40qcVw==</latexit>
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t +

ma
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◆
E1 ⇠ ma cosmat

<latexit sha1_base64="DL1s+gmPyXDXIsVKPS/Byr/Pul8=">AAACRHicbZDNSgMxFIUz/lv/qi7dBIugFMpMEXQpiuCyBatCU4dMmmlDk5khuSOUYR7OjQ/gzidw40IRt2KmFtTWC4HDOfdyb74gkcKA6z45M7Nz8wuLS8ulldW19Y3y5taViVPNeIvFMtY3ATVcioi3QIDkN4nmVAWSXweDsyK/vuPaiDi6hGHCO4r2IhEKRsFafrlNJA9hnyRUg6DSh9t6lYSaskz5NM+avpf/ZLiKrXtbJ1 r0+nBAFIV+EGbnue9hYoQqUkxYbEYC/HLFrbmjwtPCG4sKGlfDLz+SbsxSxSNgkhrT9twEOlmxnkmel0hqeELZgPZ428qIKm462QhCjves08VhrO2LAI/c3xMZVcYMVWA7i7vNZFaY/2XtFMLjTiaiJAUese9FYSoxxLggirtCcwZyaAVlWthbMetTixAs95KF4E1+eVpc1WueW/Oah5WT0zGOJbSDdtE+8tAROkEXqIFaiKF79Ixe0Zvz4Lw4787Hd+uMM57ZRn/K+fwCFsWxaw==</latexit><latexit sha1_base64="DL1s+gmPyXDXIsVKPS/Byr/Pul8=">AAACRHicbZDNSgMxFIUz/lv/qi7dBIugFMpMEXQpiuCyBatCU4dMmmlDk5khuSOUYR7OjQ/gzidw40IRt2KmFtTWC4HDOfdyb74gkcKA6z45M7Nz8wuLS8ulldW19Y3y5taViVPNeIvFMtY3ATVcioi3QIDkN4nmVAWSXweDsyK/vuPaiDi6hGHCO4r2IhEKRsFafrlNJA9hnyRUg6DSh9t6lYSaskz5NM+avpf/ZLiKrXtbJ1 r0+nBAFIV+EGbnue9hYoQqUkxYbEYC/HLFrbmjwtPCG4sKGlfDLz+SbsxSxSNgkhrT9twEOlmxnkmel0hqeELZgPZ428qIKm462QhCjves08VhrO2LAI/c3xMZVcYMVWA7i7vNZFaY/2XtFMLjTiaiJAUese9FYSoxxLggirtCcwZyaAVlWthbMetTixAs95KF4E1+eVpc1WueW/Oah5WT0zGOJbSDdtE+8tAROkEXqIFaiKF79Ixe0Zvz4Lw4787Hd+uMM57ZRn/K+fwCFsWxaw==</latexit><latexit sha1_base64="DL1s+gmPyXDXIsVKPS/Byr/Pul8=">AAACRHicbZDNSgMxFIUz/lv/qi7dBIugFMpMEXQpiuCyBatCU4dMmmlDk5khuSOUYR7OjQ/gzidw40IRt2KmFtTWC4HDOfdyb74gkcKA6z45M7Nz8wuLS8ulldW19Y3y5taViVPNeIvFMtY3ATVcioi3QIDkN4nmVAWSXweDsyK/vuPaiDi6hGHCO4r2IhEKRsFafrlNJA9hnyRUg6DSh9t6lYSaskz5NM+avpf/ZLiKrXtbJ1 r0+nBAFIV+EGbnue9hYoQqUkxYbEYC/HLFrbmjwtPCG4sKGlfDLz+SbsxSxSNgkhrT9twEOlmxnkmel0hqeELZgPZ428qIKm462QhCjves08VhrO2LAI/c3xMZVcYMVWA7i7vNZFaY/2XtFMLjTiaiJAUese9FYSoxxLggirtCcwZyaAVlWthbMetTixAs95KF4E1+eVpc1WueW/Oah5WT0zGOJbSDdtE+8tAROkEXqIFaiKF79Ixe0Zvz4Lw4787Hd+uMM57ZRn/K+fwCFsWxaw==</latexit><latexit sha1_base64="DL1s+gmPyXDXIsVKPS/Byr/Pul8=">AAACRHicbZDNSgMxFIUz/lv/qi7dBIugFMpMEXQpiuCyBatCU4dMmmlDk5khuSOUYR7OjQ/gzidw40IRt2KmFtTWC4HDOfdyb74gkcKA6z45M7Nz8wuLS8ulldW19Y3y5taViVPNeIvFMtY3ATVcioi3QIDkN4nmVAWSXweDsyK/vuPaiDi6hGHCO4r2IhEKRsFafrlNJA9hnyRUg6DSh9t6lYSaskz5NM+avpf/ZLiKrXtbJ1 r0+nBAFIV+EGbnue9hYoQqUkxYbEYC/HLFrbmjwtPCG4sKGlfDLz+SbsxSxSNgkhrT9twEOlmxnkmel0hqeELZgPZ428qIKm462QhCjves08VhrO2LAI/c3xMZVcYMVWA7i7vNZFaY/2XtFMLjTiaiJAUese9FYSoxxLggirtCcwZyaAVlWthbMetTixAs95KF4E1+eVpc1WueW/Oah5WT0zGOJbSDdtE+8tAROkEXqIFaiKF79Ixe0Zvz4Lw4787Hd+uMM57ZRn/K+fwCFsWxaw==</latexit>
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With a different geometry,  
viable also for gravitational waves! 

Radicati, Pegoraro, Picasso ‘78
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OUR ANCESTORS 
HUNTING FOR GWs

With a different geometry,  
viable also for gravitational waves! 

Radicati, Pegoraro, Picasso ‘78

Radicati

Menotti

Barbieri

RTD

MAGO ‘05

Other Interesting Proposals  
for SRF cavities as NP detectors: 

Berlin, Hook ’20 
Bogorad, Hook, Kahn, Soreq ‘19
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SIGNAL POWER AT LOW 
MASSES

!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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<latexit sha1_base64="sobJhiWAYo426p8IqDMzHqc37Ac="></latexit><latexit sha1_base64="sobJhiWAYo426p8IqDMzHqc37Ac="></latexit><latexit sha1_base64="sobJhiWAYo426p8IqDMzHqc37Ac="></latexit><latexit sha1_base64="sobJhiWAYo426p8IqDMzHqc37Ac="></latexit>
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Q1
<latexit sha1_base64="wc34klSn/t5ntMQ6+rCjyl6eZ58="></latexit><latexit sha1_base64="wc34klSn/t5ntMQ6+rCjyl6eZ58="></latexit><latexit sha1_base64="wc34klSn/t5ntMQ6+rCjyl6eZ58="></latexit><latexit sha1_base64="wc34klSn/t5ntMQ6+rCjyl6eZ58="></latexit>
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<latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit><latexit sha1_base64="JMCbqZEQnCSVvZqGWDwe/MhPtns="></latexit>



SIGNAL POWER AT LOW 
MASSES

Power = Energy/Time

Time

Axion stops being monochromatic

Steady State

� �� �� �� �� �� ��-���

-��

�

��

���

�[����]

�
[�
��
�]

������	� 
�	�
� ���������	

Q(1-e-
� t
2Q )

<latexit sha1_base64="/kQ9jd1ykflcTQaAzYJl+KyGWlY="></latexit>

min[⌧a, ⌧r] = min
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ma
,
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!1

�

<latexit sha1_base64="/NUZkV1wRH8+AAQpCsC6cdx99XM=">AAACAnicdVDLSgNBEJz1GeMr6kXwMhgET2E3JuglEPTiMQFjAklYeiezyZDZBzO9QljixV/x4kFBvPoV3vwbJw8hihZ0U1R1M9PlxVJotO1Pa2l5ZXVtPbOR3dza3tnN7e3f6ihRjDdYJCPV8kBzKULeQIGSt2LFIfAkb3rDq4nfvONKiyi8wVHMuwH0Q+ELBmgkN3eIlQ5C4kKl4ytgad2FcRqY5ubydsGegi6Qsn1WLhapM1fyZI6am/vo9CKWBDxEJkHrtmPH2E1BoWCSj7OdRPMY2BD6vG1oCAHX3XR6wZieGKVH/UiZCpFO1cWNFAKtR4FnJgPAgf7tTcS/vHaC/kU3FWGcIA/Z7CE/kRQjOomD9oTiDOXIEGBKmL9SNgCTBJrQsiaE70vp/6RZLDilguPUS/nq5TyPDDkix+SUOOScVMk1qZEGYeSePJJn8mI9WE/Wq/U2G12y5jsH5Aes9y96uJdf</latexit>

t = ⌧a =
Qa

ma

<latexit sha1_base64="GiB+R8mxWThiIjzcaELNBkjaMfs=">AAACB3icdVBNS8NAEN34WetX1KMIi0XwVJLaopdC0YvHFqwtNCFstpt26eaD3YlQQk9e/CtePCiIV/+CN/+N2zZCFX0w8Hhvhpl5fiK4Asv6NJaWV1bX1gsbxc2t7Z1dc2//VsWppKxNYxHLrk8UEzxibeAgWDeRjIS+YB1/dDX1O3dMKh5HNzBOmBuSQcQDTgloyTOPoO4AST1ZdwJJaNby7EnmxCEbEM08s2SVrRnwAqlZZ7VKBdu5UkI5mp754fRjmoYsAiqIUj3bSsDNiAROBZsUnVSxhNARGbCephEJmXKz2RsTfKKVPg5iqSsCPFMXJzISKjUOfd0ZEhiq395U/MvrpRBcuBmPkhRYROeLglRgiPE0E9znklEQY00IlVzfiumQ6DhAJ1fUIXx/iv8nnUrZrpZtu1UtNS7zPAroEB2jU2Sjc9RA16iJ2oiie/SIntGL8WA8Ga/G27x1ychnDtAPGO9f7N2ZOg==</latexit>

t = ⌧r =
Q1

!1



SIGNAL POWER AT LOW 
MASSES

Power = Energy/Time

TimeEnergy

Static: !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>

Naively no reason to build resonators with Q > 10^6

<latexit sha1_base64="/kQ9jd1ykflcTQaAzYJl+KyGWlY="></latexit>

min[⌧a, ⌧r] = min


Qa

ma
,
Q1

!1

�<latexit sha1_base64="T1PdIgpukYci0u6ZEf3yYtUvP2A=">AAACOnicdZDPahsxEMa1SdqmTv+4zbEXUVPooSwrx8TOLSSXHB2o44B3u2jlWVtE0i7SbMEsfq1e+ha9BXLJIYXSax+gWsehSWkHpPn4zQzSfFmppMMougw2NrcePX6y/bS18+z5i5ftV6/PXFFZASNRqMKeZ9yBkgZGKFHBeWmB60zBOLs4burjz2CdLMxHXJSQaD4zMpeCo0dpexgXGmY8ZZ+69Cjl/j6jsZYmVpDjJM4tF/ Vpw5e1XqUPd4w17M/0MrZyNsckbXei8KA/6LIBjcL9qN/t7Xuxt3cQecLCaBUdso5h2v4WTwtRaTAoFHduwqISk5pblELBshVXDkouLvgMJl4arsEl9WrzJX3nyZTmhfXHIF3R+xM1184tdOY7Nce5+7vWwH/VJhXmg6SWpqwQjLh9KK8UxYI2NtKptCBQLbzgwkr/Vyrm3DuD3uyWN+FuU/p/Me6GrBcydtrrHB6t/dgmb8hb8p4w0ieH5IQMyYgI8oVckRvyPfgaXAc/gp+3rRvBemaXPIjg12+Zz61O</latexit>

!2
1B

2
aV min


Q2

a

m2
a

,
Q2

1

!2
1

�

<latexit sha1_base64="NunQLndLbPscJ1Mgkv6oK2jCa3k=">AAACDHicbVC7SgNBFJ31GeNr1dJmSBAsJOyGgJYhNpYJmAck63J3MkmGzMyuM7NCCOlt/BUbCwWx9QPs/Bsnj0ITD1w4nHMv994TJZxp43nfztr6xubWdmYnu7u3f3DoHh03dJwqQusk5rFqRaApZ5LWDTOcthJFQUScNqPh9dRvPlClWSxvzSihgYC+ZD1GwFgpdHPVjmaC3mMRAq6EcFfEDdwRTLZrIVzgWugHoZv3Ct4MeJX4C5JHC1RD96vTjUkqqDSEg9Zt30tMMAZlGOF0ku2kmiZAhtCnbUslCKqD8eyXCT6zShf3YmVLGjxTf0+MQWg9EpHtFGAGetmbiv957dT0roIxk0lqqCTzRb2UYxPjaTC4yxQlho8sAaKYvRWTASggxsaXtSH4yy+vkmax4JcKvl8r5cuVRR4ZdIpy6Bz56BKV0Q2qojoi6BE9o1f05jw5L8678zFvXXMWMyfoD5zPH2uumS4=</latexit>

P ' maB
2
aV min[Qa, Q1]



SIGNAL POWER AT LOW 
MASSES

Power = Energy/Time

TimeEnergy

!2
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aV min
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a
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!2
1

�

<latexit sha1_base64="6gG6DUkELCzoZIgI7gwn3poiXFE="></latexit><latexit sha1_base64="6gG6DUkELCzoZIgI7gwn3poiXFE="></latexit><latexit sha1_base64="6gG6DUkELCzoZIgI7gwn3poiXFE="></latexit><latexit sha1_base64="6gG6DUkELCzoZIgI7gwn3poiXFE="></latexit>

Great advantage of high-Q resonators at low ma

Oscillating: !1 > ma
<latexit sha1_base64="w8y61VrPprmp3VHgly1lCHujnfQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWZfeySQZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbMRjKmaQNyyyn7URTEDGnrXh0M/Vbj1QbpuS9HSc0FDCQrM8IWCc9dJWgA4gCfIVFBFG54lf9GfAyCXJSQTnqUfmr21MkFVRawsGYTuAnNsxAW0Y4nZS6qaEJkBEMaMdRCYKaMJtdPcEnTunhvtKupMUz9fdEBsKYsYhdpwA7NIveVPzP66S2fxlmTCappZLMF/VTjq3C0whwj2lKLB87AkQzdysmQ9BArAuq5EIIFl9eJs2zauBXg7vzSu06j6OIjtAxOkUBukA1dIvqqIEI0ugZvaI378l78d69j3lrwctnDtEfeJ8/M6iRpg==</latexit><latexit sha1_base64="w8y61VrPprmp3VHgly1lCHujnfQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWZfeySQZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbMRjKmaQNyyyn7URTEDGnrXh0M/Vbj1QbpuS9HSc0FDCQrM8IWCc9dJWgA4gCfIVFBFG54lf9GfAyCXJSQTnqUfmr21MkFVRawsGYTuAnNsxAW0Y4nZS6qaEJkBEMaMdRCYKaMJtdPcEnTunhvtKupMUz9fdEBsKYsYhdpwA7NIveVPzP66S2fxlmTCappZLMF/VTjq3C0whwj2lKLB87AkQzdysmQ9BArAuq5EIIFl9eJs2zauBXg7vzSu06j6OIjtAxOkUBukA1dIvqqIEI0ugZvaI378l78d69j3lrwctnDtEfeJ8/M6iRpg==</latexit><latexit sha1_base64="w8y61VrPprmp3VHgly1lCHujnfQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWZfeySQZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbMRjKmaQNyyyn7URTEDGnrXh0M/Vbj1QbpuS9HSc0FDCQrM8IWCc9dJWgA4gCfIVFBFG54lf9GfAyCXJSQTnqUfmr21MkFVRawsGYTuAnNsxAW0Y4nZS6qaEJkBEMaMdRCYKaMJtdPcEnTunhvtKupMUz9fdEBsKYsYhdpwA7NIveVPzP66S2fxlmTCappZLMF/VTjq3C0whwj2lKLB87AkQzdysmQ9BArAuq5EIIFl9eJs2zauBXg7vzSu06j6OIjtAxOkUBukA1dIvqqIEI0ugZvaI378l78d69j3lrwctnDtEfeJ8/M6iRpg==</latexit><latexit sha1_base64="w8y61VrPprmp3VHgly1lCHujnfQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWZfeySQZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbMRjKmaQNyyyn7URTEDGnrXh0M/Vbj1QbpuS9HSc0FDCQrM8IWCc9dJWgA4gCfIVFBFG54lf9GfAyCXJSQTnqUfmr21MkFVRawsGYTuAnNsxAW0Y4nZS6qaEJkBEMaMdRCYKaMJtdPcEnTunhvtKupMUz9fdEBsKYsYhdpwA7NIveVPzP66S2fxlmTCappZLMF/VTjq3C0whwj2lKLB87AkQzdysmQ9BArAuq5EIIFl9eJs2zauBXg7vzSu06j6OIjtAxOkUBukA1dIvqqIEI0ugZvaI378l78d69j3lrwctnDtEfeJ8/M6iRpg==</latexit>

<latexit sha1_base64="/kQ9jd1ykflcTQaAzYJl+KyGWlY="></latexit>

min[⌧a, ⌧r] = min


Qa

ma
,
Q1

!1

�

<latexit sha1_base64="7DRFL/JuoumgRvGnSkoFT6Q24+o="></latexit>

P ' !1B
2
aV min[Qa(!1/ma), Q1]



SUPERCONDUCTING 
RADIOFREQUENCY CAVITIES

From Anna Grassellino, Fermilab



NOISE AND SENSITIVITY
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OSCILLATOR NOISE
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<latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit><latexit sha1_base64="z1TLsnR0On49IcIw9bBwXQOHurI="></latexit>

Cavity Response

⇠ 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
<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>
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ROBUSTNESS TO LOADING
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Demonstrated 
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but same setup
Class.Quant.Grav. 20 (2003) 3505-3522, gr-qc/

0502054



ROBUSTNESS TO ATTENUATION 
OF VIBRATIONS
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Demonstrated 
in similar cavities

https://indico.physics.lbl.gov/indico/event/939/contributions/
4371/attachments/2162/2812/DarkSRF-Aspen.pdf

https://indico.physics.lbl.gov/indico/event/939/contributions/4371/attachments/2162/2812/DarkSRF-Aspen.pdf
https://indico.physics.lbl.gov/indico/event/939/contributions/4371/attachments/2162/2812/DarkSRF-Aspen.pdf


INTEGRATION TIME
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Good sensitivity with a 
100 times 

shorter experiment!



THE POWER OF Q
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SENSITIVITY (BROADBAND)
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ROBUSTNESS TO EXPERIMENTAL 
DETAILS (BROADBAND)
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<latexit sha1_base64="4RdT46E2OTE/rX0DVG1dB0AsqDs=">AAAB+XicbVBNS8NAEJ3Ur1o/GvXoZbEInkpWCnoRil48tmBtoY1hs920Szcf7G6EGvJLvHhQEK/+E2/+G7dtDtr6YODx3gwz8/xEcKUd59sqra1vbG6Vtys7u3v7Vfvg8F7FqaSsQ2MRy55PFBM8Yh3NtWC9RDIS+oJ1/cnNzO8+Mql4HN3pacLckIwiHnBKtJE8u9r2MpyjK4Sdhww7uWfXnLozB1oluCA1KNDy7K/BMKZpyCJNBVGqj51EuxmRmlPB8sogVSwhdEJGrG9oREKm3Gx+eI5OjTJEQSxNRRrN1d8TGQmVmoa+6QyJHqtlbyb+5/VTHVy6GY+SVLOILhYFqUA6RrMU0JBLRrWYGkKo5OZWRMdEEqpNVhUTAl5+eZV0z+u4Uce43ag1r4s8ynAMJ3AGGC6gCbfQgg5QSOEZXuHNerJerHfrY9FasoqZI/gD6/MHHjmR6A==</latexit>

Q1 = 1010



CONCLUSION

• Light Dark Matter candidates behaving as a 
classical field are appealing theoretically (strong CP 
problem, Higgs mass, generically expected from 
string theory), maybe as appealing as WIMPs were in 
the past 

• We are just starting to explore them experimentally 
(in this talk new concept for axion dark matter 
detection)



BACKUP



In each experimental bin we are summing over a multitude of plane waves with 
different phases (axion DM=gaussian random field):

AXION DM IN THE 
LABORATORY

<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="kWWlvhdkvcggj9/ZjwXCyvWRsXY="></latexit>

a(t) ' a0 cos(mat+ �) [cos(�!at+ �0) + ...]
<latexit sha1_base64="pqtr5V3RFwwBVubfKNGlwID1fGQ="></latexit>
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<latexit sha1_base64="oLp+eTkADRPccDaGugreSJNfzBs=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48VrC20S8mm2W5okl2SrFCW/gUvHhTEqz/Im//GbLsHbX0w8Hhvhpl5YSq4sb7/7VXW1jc2t6rbtZ3dvf2D+uHRo0kyTVmHJiLRvZAYJrhiHcutYL1UMyJDwbrh5Lbwu09MG56oBztNWSDJWPGIU2ILaZDGfFhv+E1/DrRKcEkaUKI9rH8NRgnNJFOWCmJMH/upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wydOWWEokS7UhbN1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygWyCisfRiGtGrZg6Qqjm7lZEY6IJtS6emgsBL7+8SroXTXzZxPj+stG6KfOowgmcwjlguIIW3EEbOkAhhmd4hTdPei/eu/exaK145cwx/IH3+QOqwY54</latexit>

� Irrelevant
<latexit sha1_base64="yD8fD77c/GatsQFN+Rn+zmuAXlM="></latexit>
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<latexit sha1_base64="oLp+eTkADRPccDaGugreSJNfzBs=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48VrC20S8mm2W5okl2SrFCW/gUvHhTEqz/Im//GbLsHbX0w8Hhvhpl5YSq4sb7/7VXW1jc2t6rbtZ3dvf2D+uHRo0kyTVmHJiLRvZAYJrhiHcutYL1UMyJDwbrh5Lbwu09MG56oBztNWSDJWPGIU2ILaZDGfFhv+E1/DrRKcEkaUKI9rH8NRgnNJFOWCmJMH/upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wydOWWEokS7UhbN1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygWyCisfRiGtGrZg6Qqjm7lZEY6IJtS6emgsBL7+8SroXTXzZxPj+stG6KfOowgmcwjlguIIW3EEbOkAhhmd4hTdPei/eu/exaK145cwx/IH3+QOqwY54</latexit>

� Irrelevant



STATISTICS INTERLUDE
Time: Gaussian Random Field

ha(t)i = 0
<latexit sha1_base64="YzO3Xk+BXhj5+pQdrJMz1LzmFw8=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGITbhTgRthKCNZQTzAbkQ5jabZMne3rE7J4SQxr9iY6GIrT/Dzn/jJrlCEx8MvH1vhp15YSKFQc/7dnIrq2vrG/nNwtb2zu6eu39QN3GqGa+xWMa6GYLhUiheQ4GSNxPNIQolb4TD26nfeOTaiFg94Cjh7Qj6SvQEA7RSxz0KJKi+5BRKeEYDPX9cex236JW9Gegy8TNSJBmqHfcr6MYsjbhCJsGYlu8l2B6DRsEknxSC1PAE2BD6vGWpgoib9nh2wISeWqVLe7G2pZDO1N8TY4iMGUWh7YwAB2bRm4r/ea0Ue1ftsVBJilyx+Ue9VFKM6TQN2hWaM5QjS4BpYXelbAAaGNrMCjYEf/HkZVI/L/te2b+/KFZusjjy5JickBLxySWpkDtSJTXCyIQ8k1fy5jw5L8678zFvzTnZzCH5A+fzB7B0lSg=</latexit><latexit sha1_base64="YzO3Xk+BXhj5+pQdrJMz1LzmFw8=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGITbhTgRthKCNZQTzAbkQ5jabZMne3rE7J4SQxr9iY6GIrT/Dzn/jJrlCEx8MvH1vhp15YSKFQc/7dnIrq2vrG/nNwtb2zu6eu39QN3GqGa+xWMa6GYLhUiheQ4GSNxPNIQolb4TD26nfeOTaiFg94Cjh7Qj6SvQEA7RSxz0KJKi+5BRKeEYDPX9cex236JW9Gegy8TNSJBmqHfcr6MYsjbhCJsGYlu8l2B6DRsEknxSC1PAE2BD6vGWpgoib9nh2wISeWqVLe7G2pZDO1N8TY4iMGUWh7YwAB2bRm4r/ea0Ue1ftsVBJilyx+Ue9VFKM6TQN2hWaM5QjS4BpYXelbAAaGNrMCjYEf/HkZVI/L/te2b+/KFZusjjy5JickBLxySWpkDtSJTXCyIQ8k1fy5jw5L8678zFvzTnZzCH5A+fzB7B0lSg=</latexit><latexit sha1_base64="YzO3Xk+BXhj5+pQdrJMz1LzmFw8=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGITbhTgRthKCNZQTzAbkQ5jabZMne3rE7J4SQxr9iY6GIrT/Dzn/jJrlCEx8MvH1vhp15YSKFQc/7dnIrq2vrG/nNwtb2zu6eu39QN3GqGa+xWMa6GYLhUiheQ4GSNxPNIQolb4TD26nfeOTaiFg94Cjh7Qj6SvQEA7RSxz0KJKi+5BRKeEYDPX9cex236JW9Gegy8TNSJBmqHfcr6MYsjbhCJsGYlu8l2B6DRsEknxSC1PAE2BD6vGWpgoib9nh2wISeWqVLe7G2pZDO1N8TY4iMGUWh7YwAB2bRm4r/ea0Ue1ftsVBJilyx+Ue9VFKM6TQN2hWaM5QjS4BpYXelbAAaGNrMCjYEf/HkZVI/L/te2b+/KFZusjjy5JickBLxySWpkDtSJTXCyIQ8k1fy5jw5L8678zFvzTnZzCH5A+fzB7B0lSg=</latexit><latexit sha1_base64="YzO3Xk+BXhj5+pQdrJMz1LzmFw8=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGITbhTgRthKCNZQTzAbkQ5jabZMne3rE7J4SQxr9iY6GIrT/Dzn/jJrlCEx8MvH1vhp15YSKFQc/7dnIrq2vrG/nNwtb2zu6eu39QN3GqGa+xWMa6GYLhUiheQ4GSNxPNIQolb4TD26nfeOTaiFg94Cjh7Qj6SvQEA7RSxz0KJKi+5BRKeEYDPX9cex236JW9Gegy8TNSJBmqHfcr6MYsjbhCJsGYlu8l2B6DRsEknxSC1PAE2BD6vGWpgoib9nh2wISeWqVLe7G2pZDO1N8TY4iMGUWh7YwAB2bRm4r/ea0Ue1ftsVBJilyx+Ue9VFKM6TQN2hWaM5QjS4BpYXelbAAaGNrMCjYEf/HkZVI/L/te2b+/KFZusjjy5JickBLxySWpkDtSJTXCyIQ8k1fy5jw5L8678zFvzTnZzCH5A+fzB7B0lSg=</latexit>
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a

<latexit sha1_base64="QpcmcfThmCsblCXAXdLd3q9/vAc=">AAACIHicbVDLSgMxFM3UV62vqks3wSLUTZkpgm4EURduBAWrQqcd7qSZNjTJDElGKNP5FDf+ihsXiuhOv8b0sfB14F4O59xLck+YcKaN6344hZnZufmF4mJpaXllda28vnGt41QR2iAxj9VtCJpyJmnDMMPpbaIoiJDTm7B/MvJv7qjSLJZXZpDQloCuZBEjYKwUlPd9DrLLKR5C1ewO23Xsq4lwiP1IAcl81YsD2wU+Pc/zTATQruc4KFfcmjsG/ku8KamgKS6C8rvfiUkqqDSEg9ZNz01MKwNlGOE0L/mppgmQPnRp01IJgupWNj4wxztW6eAoVrakwWP1+0YGQuuBCO2kANPTv72R+J/XTE100MqYTFJDJZk8FKUcmxiP0sIdpigxfGAJEMXsXzHpgY3F2ExLNgTv98l/yXW95rk173KvcnQ8jaOIttA2qiIP7aMjdIYuUAMRdI8e0TN6cR6cJ+fVeZuMFpzpzib6AefzC3wGoo0=</latexit><latexit sha1_base64="QpcmcfThmCsblCXAXdLd3q9/vAc=">AAACIHicbVDLSgMxFM3UV62vqks3wSLUTZkpgm4EURduBAWrQqcd7qSZNjTJDElGKNP5FDf+ihsXiuhOv8b0sfB14F4O59xLck+YcKaN6344hZnZufmF4mJpaXllda28vnGt41QR2iAxj9VtCJpyJmnDMMPpbaIoiJDTm7B/MvJv7qjSLJZXZpDQloCuZBEjYKwUlPd9DrLLKR5C1ewO23Xsq4lwiP1IAcl81YsD2wU+Pc/zTATQruc4KFfcmjsG/ku8KamgKS6C8rvfiUkqqDSEg9ZNz01MKwNlGOE0L/mppgmQPnRp01IJgupWNj4wxztW6eAoVrakwWP1+0YGQuuBCO2kANPTv72R+J/XTE100MqYTFJDJZk8FKUcmxiP0sIdpigxfGAJEMXsXzHpgY3F2ExLNgTv98l/yXW95rk173KvcnQ8jaOIttA2qiIP7aMjdIYuUAMRdI8e0TN6cR6cJ+fVeZuMFpzpzib6AefzC3wGoo0=</latexit><latexit sha1_base64="QpcmcfThmCsblCXAXdLd3q9/vAc=">AAACIHicbVDLSgMxFM3UV62vqks3wSLUTZkpgm4EURduBAWrQqcd7qSZNjTJDElGKNP5FDf+ihsXiuhOv8b0sfB14F4O59xLck+YcKaN6344hZnZufmF4mJpaXllda28vnGt41QR2iAxj9VtCJpyJmnDMMPpbaIoiJDTm7B/MvJv7qjSLJZXZpDQloCuZBEjYKwUlPd9DrLLKR5C1ewO23Xsq4lwiP1IAcl81YsD2wU+Pc/zTATQruc4KFfcmjsG/ku8KamgKS6C8rvfiUkqqDSEg9ZNz01MKwNlGOE0L/mppgmQPnRp01IJgupWNj4wxztW6eAoVrakwWP1+0YGQuuBCO2kANPTv72R+J/XTE100MqYTFJDJZk8FKUcmxiP0sIdpigxfGAJEMXsXzHpgY3F2ExLNgTv98l/yXW95rk173KvcnQ8jaOIttA2qiIP7aMjdIYuUAMRdI8e0TN6cR6cJ+fVeZuMFpzpzib6AefzC3wGoo0=</latexit><latexit sha1_base64="QpcmcfThmCsblCXAXdLd3q9/vAc=">AAACIHicbVDLSgMxFM3UV62vqks3wSLUTZkpgm4EURduBAWrQqcd7qSZNjTJDElGKNP5FDf+ihsXiuhOv8b0sfB14F4O59xLck+YcKaN6344hZnZufmF4mJpaXllda28vnGt41QR2iAxj9VtCJpyJmnDMMPpbaIoiJDTm7B/MvJv7qjSLJZXZpDQloCuZBEjYKwUlPd9DrLLKR5C1ewO23Xsq4lwiP1IAcl81YsD2wU+Pc/zTATQruc4KFfcmjsG/ku8KamgKS6C8rvfiUkqqDSEg9ZNz01MKwNlGOE0L/mppgmQPnRp01IJgupWNj4wxztW6eAoVrakwWP1+0YGQuuBCO2kANPTv72R+J/XTE100MqYTFJDJZk8FKUcmxiP0sIdpigxfGAJEMXsXzHpgY3F2ExLNgTv98l/yXW95rk173KvcnQ8jaOIttA2qiIP7aMjdIYuUAMRdI8e0TN6cR6cJ+fVeZuMFpzpzib6AefzC3wGoo0=</latexit>

ha(t+ ⌧)a(t0 + ⌧)i = ha(t)a(t0)i
<latexit sha1_base64="eaBnfAKie/M/iKpC/Kk8i553QUs=">AAACNHicbVDLSgNBEJz1bXxFPXoZDIIihF0R9CKIXgQvCkYD2Rh6J51kyOzsMtMrhOBHefFDvIjgQRGvfoOThxCNBQNFVTU9XVGqpCXff/EmJqemZ2bn5nMLi0vLK/nVtWubZEZgSSQqMeUILCqpsUSSFJZTgxBHCm+i9mnPv7lDY2Wir6iTYjWGppYNKYCcVMufhwp0UyGHbdoNCbKdHrsNUyNjHAihGSSO+Eh2NPaTqOULftHvg4+TYEgKbIiLWv4prCcii1GTUGBtJfBTqnbBkBQK73NhZjEF0YYmVhzVEKOtdvtH3/Mtp9R5IzHuaeJ9dXSiC7G1nThyyRioZf96PfE/r5JR47DalTrNCLUYLGpkilPCew3yujQoSHUcAWGk+ysXLTAgyPWccyUEf08eJ9d7xcAvBpf7heOTYR1zbINtsm0WsAN2zM7YBSsxwR7YM3tj796j9+p9eJ+D6IQ3nFlnv+B9fQPfUKnG</latexit><latexit sha1_base64="eaBnfAKie/M/iKpC/Kk8i553QUs=">AAACNHicbVDLSgNBEJz1bXxFPXoZDIIihF0R9CKIXgQvCkYD2Rh6J51kyOzsMtMrhOBHefFDvIjgQRGvfoOThxCNBQNFVTU9XVGqpCXff/EmJqemZ2bn5nMLi0vLK/nVtWubZEZgSSQqMeUILCqpsUSSFJZTgxBHCm+i9mnPv7lDY2Wir6iTYjWGppYNKYCcVMufhwp0UyGHbdoNCbKdHrsNUyNjHAihGSSO+Eh2NPaTqOULftHvg4+TYEgKbIiLWv4prCcii1GTUGBtJfBTqnbBkBQK73NhZjEF0YYmVhzVEKOtdvtH3/Mtp9R5IzHuaeJ9dXSiC7G1nThyyRioZf96PfE/r5JR47DalTrNCLUYLGpkilPCew3yujQoSHUcAWGk+ysXLTAgyPWccyUEf08eJ9d7xcAvBpf7heOTYR1zbINtsm0WsAN2zM7YBSsxwR7YM3tj796j9+p9eJ+D6IQ3nFlnv+B9fQPfUKnG</latexit><latexit sha1_base64="eaBnfAKie/M/iKpC/Kk8i553QUs=">AAACNHicbVDLSgNBEJz1bXxFPXoZDIIihF0R9CKIXgQvCkYD2Rh6J51kyOzsMtMrhOBHefFDvIjgQRGvfoOThxCNBQNFVTU9XVGqpCXff/EmJqemZ2bn5nMLi0vLK/nVtWubZEZgSSQqMeUILCqpsUSSFJZTgxBHCm+i9mnPv7lDY2Wir6iTYjWGppYNKYCcVMufhwp0UyGHbdoNCbKdHrsNUyNjHAihGSSO+Eh2NPaTqOULftHvg4+TYEgKbIiLWv4prCcii1GTUGBtJfBTqnbBkBQK73NhZjEF0YYmVhzVEKOtdvtH3/Mtp9R5IzHuaeJ9dXSiC7G1nThyyRioZf96PfE/r5JR47DalTrNCLUYLGpkilPCew3yujQoSHUcAWGk+ysXLTAgyPWccyUEf08eJ9d7xcAvBpf7heOTYR1zbINtsm0WsAN2zM7YBSsxwR7YM3tj796j9+p9eJ+D6IQ3nFlnv+B9fQPfUKnG</latexit><latexit sha1_base64="eaBnfAKie/M/iKpC/Kk8i553QUs=">AAACNHicbVDLSgNBEJz1bXxFPXoZDIIihF0R9CKIXgQvCkYD2Rh6J51kyOzsMtMrhOBHefFDvIjgQRGvfoOThxCNBQNFVTU9XVGqpCXff/EmJqemZ2bn5nMLi0vLK/nVtWubZEZgSSQqMeUILCqpsUSSFJZTgxBHCm+i9mnPv7lDY2Wir6iTYjWGppYNKYCcVMufhwp0UyGHbdoNCbKdHrsNUyNjHAihGSSO+Eh2NPaTqOULftHvg4+TYEgKbIiLWv4prCcii1GTUGBtJfBTqnbBkBQK73NhZjEF0YYmVhzVEKOtdvtH3/Mtp9R5IzHuaeJ9dXSiC7G1nThyyRioZf96PfE/r5JR47DalTrNCLUYLGpkilPCew3yujQoSHUcAWGk+ysXLTAgyPWccyUEf08eJ9d7xcAvBpf7heOTYR1zbINtsm0WsAN2zM7YBSsxwR7YM3tj796j9+p9eJ+D6IQ3nFlnv+B9fQPfUKnG</latexit>

Frequency: Gaussian Random Field

Mean

Variance

ha(!)i = 0
<latexit sha1_base64="ro3k+Hm0ILjKpjyr+iZM9u/rOY0=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GITbgTQRshaGMZwXxA7ghzm0myZG/v2N0TwpHGxr9iY6GIrf/Bzn/j5qPQxAcDj/dmmJkXJoJr47rfztLyyuraem4jv7m1vbNb2Nuv6zhVDGssFrFqhqBRcIk1w43AZqIQolBgIxzcjP3GAyrNY3lvhgkGEfQk73IGxkrtwpEvQPYEUij5cYQ9OPXVVLiibrtQdMvuBHSReDNSJDNU24UvvxOzNEJpmACtW56bmCADZTgTOMr7qcYE2AB62LJUQoQ6yCZfjOiJVTq0Gytb0tCJ+nsig0jrYRTazghMX897Y/E/r5Wa7mWQcZmkBiWbLuqmgpqYjiOhHa6QGTG0BJji9lbK+qCAGRtc3obgzb+8SOpnZc8te3fnxcr1LI4cOSTHpEQ8ckEq5JZUSY0w8kieySt5c56cF+fd+Zi2LjmzmQPyB87nD4ypl0s=</latexit><latexit sha1_base64="ro3k+Hm0ILjKpjyr+iZM9u/rOY0=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GITbgTQRshaGMZwXxA7ghzm0myZG/v2N0TwpHGxr9iY6GIrf/Bzn/j5qPQxAcDj/dmmJkXJoJr47rfztLyyuraem4jv7m1vbNb2Nuv6zhVDGssFrFqhqBRcIk1w43AZqIQolBgIxzcjP3GAyrNY3lvhgkGEfQk73IGxkrtwpEvQPYEUij5cYQ9OPXVVLiibrtQdMvuBHSReDNSJDNU24UvvxOzNEJpmACtW56bmCADZTgTOMr7qcYE2AB62LJUQoQ6yCZfjOiJVTq0Gytb0tCJ+nsig0jrYRTazghMX897Y/E/r5Wa7mWQcZmkBiWbLuqmgpqYjiOhHa6QGTG0BJji9lbK+qCAGRtc3obgzb+8SOpnZc8te3fnxcr1LI4cOSTHpEQ8ckEq5JZUSY0w8kieySt5c56cF+fd+Zi2LjmzmQPyB87nD4ypl0s=</latexit><latexit sha1_base64="ro3k+Hm0ILjKpjyr+iZM9u/rOY0=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GITbgTQRshaGMZwXxA7ghzm0myZG/v2N0TwpHGxr9iY6GIrf/Bzn/j5qPQxAcDj/dmmJkXJoJr47rfztLyyuraem4jv7m1vbNb2Nuv6zhVDGssFrFqhqBRcIk1w43AZqIQolBgIxzcjP3GAyrNY3lvhgkGEfQk73IGxkrtwpEvQPYEUij5cYQ9OPXVVLiibrtQdMvuBHSReDNSJDNU24UvvxOzNEJpmACtW56bmCADZTgTOMr7qcYE2AB62LJUQoQ6yCZfjOiJVTq0Gytb0tCJ+nsig0jrYRTazghMX897Y/E/r5Wa7mWQcZmkBiWbLuqmgpqYjiOhHa6QGTG0BJji9lbK+qCAGRtc3obgzb+8SOpnZc8te3fnxcr1LI4cOSTHpEQ8ckEq5JZUSY0w8kieySt5c56cF+fd+Zi2LjmzmQPyB87nD4ypl0s=</latexit><latexit sha1_base64="ro3k+Hm0ILjKpjyr+iZM9u/rOY0=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GITbgTQRshaGMZwXxA7ghzm0myZG/v2N0TwpHGxr9iY6GIrf/Bzn/j5qPQxAcDj/dmmJkXJoJr47rfztLyyuraem4jv7m1vbNb2Nuv6zhVDGssFrFqhqBRcIk1w43AZqIQolBgIxzcjP3GAyrNY3lvhgkGEfQk73IGxkrtwpEvQPYEUij5cYQ9OPXVVLiibrtQdMvuBHSReDNSJDNU24UvvxOzNEJpmACtW56bmCADZTgTOMr7qcYE2AB62LJUQoQ6yCZfjOiJVTq0Gytb0tCJ+nsig0jrYRTazghMX897Y/E/r5Wa7mWQcZmkBiWbLuqmgpqYjiOhHa6QGTG0BJji9lbK+qCAGRtc3obgzb+8SOpnZc8te3fnxcr1LI4cOSTHpEQ8ckEq5JZUSY0w8kieySt5c56cF+fd+Zi2LjmzmQPyB87nD4ypl0s=</latexit>

ha(!)a⇤(!0)i = �(! � !0)Sa(!)
<latexit sha1_base64="1HYiTiZ8Dz8jDk0+DAsiHCJ6Xj8=">AAACPnicbVBNSwMxFMz6bf2qevQSLEIrWHZF0ItQ9OJR0arQreVt+lpDk+ySZIVS+su8+Bu8efTiQRGvHk3bVfwaCAwz85K8iRLBjfX9B29sfGJyanpmNjc3v7C4lF9eOTdxqhlWWSxifRmBQcEVVi23Ai8TjSAjgRdR53DgX9ygNjxWZ7abYF1CW/EWZ2Cd1MhXQwGqLZBCMYwltqEEV5sZvQoTzSWWQj2K7NOwicJ+Jrd+puhp4+uORr7gl/0h6F8SZKRAMhw38vdhM2apRGWZAGNqgZ/Yeg+05UxgPxemBhNgHWhjzVEFEk29N1y/Tzec0qStWLujLB2q3yd6II3pysglJdhr89sbiP95tdS29uo9rpLUomKjh1qpoDamgy5pk2tkVnQdAaa5+ytl16CBWdd4zpUQ/F75LznfLgd+OTjZKVQOsjpmyBpZJ0USkF1SIUfkmFQJI7fkkTyTF+/Oe/JevbdRdMzLZlbJD3jvH7ivrjk=</latexit><latexit sha1_base64="1HYiTiZ8Dz8jDk0+DAsiHCJ6Xj8=">AAACPnicbVBNSwMxFMz6bf2qevQSLEIrWHZF0ItQ9OJR0arQreVt+lpDk+ySZIVS+su8+Bu8efTiQRGvHk3bVfwaCAwz85K8iRLBjfX9B29sfGJyanpmNjc3v7C4lF9eOTdxqhlWWSxifRmBQcEVVi23Ai8TjSAjgRdR53DgX9ygNjxWZ7abYF1CW/EWZ2Cd1MhXQwGqLZBCMYwltqEEV5sZvQoTzSWWQj2K7NOwicJ+Jrd+puhp4+uORr7gl/0h6F8SZKRAMhw38vdhM2apRGWZAGNqgZ/Yeg+05UxgPxemBhNgHWhjzVEFEk29N1y/Tzec0qStWLujLB2q3yd6II3pysglJdhr89sbiP95tdS29uo9rpLUomKjh1qpoDamgy5pk2tkVnQdAaa5+ytl16CBWdd4zpUQ/F75LznfLgd+OTjZKVQOsjpmyBpZJ0USkF1SIUfkmFQJI7fkkTyTF+/Oe/JevbdRdMzLZlbJD3jvH7ivrjk=</latexit><latexit sha1_base64="1HYiTiZ8Dz8jDk0+DAsiHCJ6Xj8=">AAACPnicbVBNSwMxFMz6bf2qevQSLEIrWHZF0ItQ9OJR0arQreVt+lpDk+ySZIVS+su8+Bu8efTiQRGvHk3bVfwaCAwz85K8iRLBjfX9B29sfGJyanpmNjc3v7C4lF9eOTdxqhlWWSxifRmBQcEVVi23Ai8TjSAjgRdR53DgX9ygNjxWZ7abYF1CW/EWZ2Cd1MhXQwGqLZBCMYwltqEEV5sZvQoTzSWWQj2K7NOwicJ+Jrd+puhp4+uORr7gl/0h6F8SZKRAMhw38vdhM2apRGWZAGNqgZ/Yeg+05UxgPxemBhNgHWhjzVEFEk29N1y/Tzec0qStWLujLB2q3yd6II3pysglJdhr89sbiP95tdS29uo9rpLUomKjh1qpoDamgy5pk2tkVnQdAaa5+ytl16CBWdd4zpUQ/F75LznfLgd+OTjZKVQOsjpmyBpZJ0USkF1SIUfkmFQJI7fkkTyTF+/Oe/JevbdRdMzLZlbJD3jvH7ivrjk=</latexit><latexit sha1_base64="1HYiTiZ8Dz8jDk0+DAsiHCJ6Xj8=">AAACPnicbVBNSwMxFMz6bf2qevQSLEIrWHZF0ItQ9OJR0arQreVt+lpDk+ySZIVS+su8+Bu8efTiQRGvHk3bVfwaCAwz85K8iRLBjfX9B29sfGJyanpmNjc3v7C4lF9eOTdxqhlWWSxifRmBQcEVVi23Ai8TjSAjgRdR53DgX9ygNjxWZ7abYF1CW/EWZ2Cd1MhXQwGqLZBCMYwltqEEV5sZvQoTzSWWQj2K7NOwicJ+Jrd+puhp4+uORr7gl/0h6F8SZKRAMhw38vdhM2apRGWZAGNqgZ/Yeg+05UxgPxemBhNgHWhjzVEFEk29N1y/Tzec0qStWLujLB2q3yd6II3pysglJdhr89sbiP95tdS29uo9rpLUomKjh1qpoDamgy5pk2tkVnQdAaa5+ytl16CBWdd4zpUQ/F75LznfLgd+OTjZKVQOsjpmyBpZJ0USkF1SIUfkmFQJI7fkkTyTF+/Oe/JevbdRdMzLZlbJD3jvH7ivrjk=</latexit>

Mean

Variance



Data:

Only the average 2-point function matters. 
A ‘deterministic’ axion gives the same result (see next slide)

d(!) = n(!) + s(!) s(!) ⇠ a(!)
<latexit sha1_base64="88W3mGd/uv/q5lAhV/5QLTlLrjs=">AAACJXicbZBLSwMxEMez9VXra9Wjl2ARKkLZFUEPCkUvHivYB7SlzGbTNjTJrklWKKVfxotfxYsHiwie/CqmL6itA4Hf/GeGyfyDmDNtPO/bSa2srq1vpDczW9s7u3vu/kFZR4kitEQiHqlqAJpyJmnJMMNpNVYURMBpJejejeqVZ6o0i+Sj6cW0IaAtWYsRMFZqutdhrh4J2obTGzmjMz0jXH9KIMRzuWYCwyxtulkv740DL4M/hSyaRrHpDuthRBJBpSEctK75XmwafVCGEU4HmXqiaQykC21asyhBUN3oj68c4BOrhLgVKfukwWN1fqIPQuueCGynANPRi7WR+F+tlpjWVaPPZJwYKslkUSvh2ER4ZBkOmaLE8J4FIIrZv2LSAQXEWGMz1gR/8eRlKJ/nfS/vP1xkC7dTO9LoCB2jHPLRJSqge1REJUTQC3pDH2jovDrvzqfzNWlNOdOZQ/QnnJ9fPaqjPg==</latexit><latexit sha1_base64="88W3mGd/uv/q5lAhV/5QLTlLrjs=">AAACJXicbZBLSwMxEMez9VXra9Wjl2ARKkLZFUEPCkUvHivYB7SlzGbTNjTJrklWKKVfxotfxYsHiwie/CqmL6itA4Hf/GeGyfyDmDNtPO/bSa2srq1vpDczW9s7u3vu/kFZR4kitEQiHqlqAJpyJmnJMMNpNVYURMBpJejejeqVZ6o0i+Sj6cW0IaAtWYsRMFZqutdhrh4J2obTGzmjMz0jXH9KIMRzuWYCwyxtulkv740DL4M/hSyaRrHpDuthRBJBpSEctK75XmwafVCGEU4HmXqiaQykC21asyhBUN3oj68c4BOrhLgVKfukwWN1fqIPQuueCGynANPRi7WR+F+tlpjWVaPPZJwYKslkUSvh2ER4ZBkOmaLE8J4FIIrZv2LSAQXEWGMz1gR/8eRlKJ/nfS/vP1xkC7dTO9LoCB2jHPLRJSqge1REJUTQC3pDH2jovDrvzqfzNWlNOdOZQ/QnnJ9fPaqjPg==</latexit><latexit sha1_base64="88W3mGd/uv/q5lAhV/5QLTlLrjs=">AAACJXicbZBLSwMxEMez9VXra9Wjl2ARKkLZFUEPCkUvHivYB7SlzGbTNjTJrklWKKVfxotfxYsHiwie/CqmL6itA4Hf/GeGyfyDmDNtPO/bSa2srq1vpDczW9s7u3vu/kFZR4kitEQiHqlqAJpyJmnJMMNpNVYURMBpJejejeqVZ6o0i+Sj6cW0IaAtWYsRMFZqutdhrh4J2obTGzmjMz0jXH9KIMRzuWYCwyxtulkv740DL4M/hSyaRrHpDuthRBJBpSEctK75XmwafVCGEU4HmXqiaQykC21asyhBUN3oj68c4BOrhLgVKfukwWN1fqIPQuueCGynANPRi7WR+F+tlpjWVaPPZJwYKslkUSvh2ER4ZBkOmaLE8J4FIIrZv2LSAQXEWGMz1gR/8eRlKJ/nfS/vP1xkC7dTO9LoCB2jHPLRJSqge1REJUTQC3pDH2jovDrvzqfzNWlNOdOZQ/QnnJ9fPaqjPg==</latexit><latexit sha1_base64="88W3mGd/uv/q5lAhV/5QLTlLrjs=">AAACJXicbZBLSwMxEMez9VXra9Wjl2ARKkLZFUEPCkUvHivYB7SlzGbTNjTJrklWKKVfxotfxYsHiwie/CqmL6itA4Hf/GeGyfyDmDNtPO/bSa2srq1vpDczW9s7u3vu/kFZR4kitEQiHqlqAJpyJmnJMMNpNVYURMBpJejejeqVZ6o0i+Sj6cW0IaAtWYsRMFZqutdhrh4J2obTGzmjMz0jXH9KIMRzuWYCwyxtulkv740DL4M/hSyaRrHpDuthRBJBpSEctK75XmwafVCGEU4HmXqiaQykC21asyhBUN3oj68c4BOrhLgVKfukwWN1fqIPQuueCGynANPRi7WR+F+tlpjWVaPPZJwYKslkUSvh2ER4ZBkOmaLE8J4FIIrZv2LSAQXEWGMz1gR/8eRlKJ/nfS/vP1xkC7dTO9LoCB2jHPLRJSqge1REJUTQC3pDH2jovDrvzqfzNWlNOdOZQ/QnnJ9fPaqjPg==</latexit>

Noise: Gaussian Colored hn(!)i = 0
<latexit sha1_base64="2UdUOWQPUbhk1oxKczTp98otD9w=">AAACBHicbVBNS8NAEN34WetX1GMvi0Wol5KIoBeh6MVjBfsBTSib7SRdutmE3Y1QQg9e/CtePCji1R/hzX/jts1BWx8MPN6bYWZekHKmtON8Wyura+sbm6Wt8vbO7t6+fXDYVkkmKbRowhPZDYgCzgS0NNMcuqkEEgccOsHoZup3HkAqloh7PU7Bj0kkWMgo0Ubq2xWPExFxwKLmJTFE5NSTc+HK6dtVp+7MgJeJW5AqKtDs21/eIKFZDEJTTpTquU6q/ZxIzSiHSdnLFKSEjkgEPUMFiUH5+eyJCT4xygCHiTQlNJ6pvydyEis1jgPTGRM9VIveVPzP62U6vPRzJtJMg6DzRWHGsU7wNBE8YBKo5mNDCJXM3IrpkEhCtcmtbEJwF19eJu2zuuvU3bvzauO6iKOEKugY1ZCLLlAD3aImaiGKHtEzekVv1pP1Yr1bH/PWFauYOUJ/YH3+AEI4ly4=</latexit><latexit sha1_base64="2UdUOWQPUbhk1oxKczTp98otD9w=">AAACBHicbVBNS8NAEN34WetX1GMvi0Wol5KIoBeh6MVjBfsBTSib7SRdutmE3Y1QQg9e/CtePCji1R/hzX/jts1BWx8MPN6bYWZekHKmtON8Wyura+sbm6Wt8vbO7t6+fXDYVkkmKbRowhPZDYgCzgS0NNMcuqkEEgccOsHoZup3HkAqloh7PU7Bj0kkWMgo0Ubq2xWPExFxwKLmJTFE5NSTc+HK6dtVp+7MgJeJW5AqKtDs21/eIKFZDEJTTpTquU6q/ZxIzSiHSdnLFKSEjkgEPUMFiUH5+eyJCT4xygCHiTQlNJ6pvydyEis1jgPTGRM9VIveVPzP62U6vPRzJtJMg6DzRWHGsU7wNBE8YBKo5mNDCJXM3IrpkEhCtcmtbEJwF19eJu2zuuvU3bvzauO6iKOEKugY1ZCLLlAD3aImaiGKHtEzekVv1pP1Yr1bH/PWFauYOUJ/YH3+AEI4ly4=</latexit><latexit sha1_base64="2UdUOWQPUbhk1oxKczTp98otD9w=">AAACBHicbVBNS8NAEN34WetX1GMvi0Wol5KIoBeh6MVjBfsBTSib7SRdutmE3Y1QQg9e/CtePCji1R/hzX/jts1BWx8MPN6bYWZekHKmtON8Wyura+sbm6Wt8vbO7t6+fXDYVkkmKbRowhPZDYgCzgS0NNMcuqkEEgccOsHoZup3HkAqloh7PU7Bj0kkWMgo0Ubq2xWPExFxwKLmJTFE5NSTc+HK6dtVp+7MgJeJW5AqKtDs21/eIKFZDEJTTpTquU6q/ZxIzSiHSdnLFKSEjkgEPUMFiUH5+eyJCT4xygCHiTQlNJ6pvydyEis1jgPTGRM9VIveVPzP62U6vPRzJtJMg6DzRWHGsU7wNBE8YBKo5mNDCJXM3IrpkEhCtcmtbEJwF19eJu2zuuvU3bvzauO6iKOEKugY1ZCLLlAD3aImaiGKHtEzekVv1pP1Yr1bH/PWFauYOUJ/YH3+AEI4ly4=</latexit><latexit sha1_base64="2UdUOWQPUbhk1oxKczTp98otD9w=">AAACBHicbVBNS8NAEN34WetX1GMvi0Wol5KIoBeh6MVjBfsBTSib7SRdutmE3Y1QQg9e/CtePCji1R/hzX/jts1BWx8MPN6bYWZekHKmtON8Wyura+sbm6Wt8vbO7t6+fXDYVkkmKbRowhPZDYgCzgS0NNMcuqkEEgccOsHoZup3HkAqloh7PU7Bj0kkWMgo0Ubq2xWPExFxwKLmJTFE5NSTc+HK6dtVp+7MgJeJW5AqKtDs21/eIKFZDEJTTpTquU6q/ZxIzSiHSdnLFKSEjkgEPUMFiUH5+eyJCT4xygCHiTQlNJ6pvydyEis1jgPTGRM9VIveVPzP62U6vPRzJtJMg6DzRWHGsU7wNBE8YBKo5mNDCJXM3IrpkEhCtcmtbEJwF19eJu2zuuvU3bvzauO6iKOEKugY1ZCLLlAD3aImaiGKHtEzekVv1pP1Yr1bH/PWFauYOUJ/YH3+AEI4ly4=</latexit>

hn(!)n(!0)i = �(! � !0)Sn(!)
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ROBUSTNESS TO LOADING

Demonstrated 
for a different 

geometry, 
but same setup
Class.Quant.Grav. 20 (2003) 

3505-3522, gr-qc/0502054
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qrms = 10 nm

qrms = 0.1 nm
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ROBUSTNESS TO ATTENUATION 
OF VIBRATIONS

Demonstrated 
in similar 
cavities

https://indico.physics.lbl.gov/indico/
event/939/contributions/4371/
attachments/2162/2812/DarkSRF-
Aspen.pdf

https://indico.physics.lbl.gov/indico/event/939/contributions/4371/attachments/2162/2812/DarkSRF-Aspen.pdf
https://indico.physics.lbl.gov/indico/event/939/contributions/4371/attachments/2162/2812/DarkSRF-Aspen.pdf
https://indico.physics.lbl.gov/indico/event/939/contributions/4371/attachments/2162/2812/DarkSRF-Aspen.pdf
https://indico.physics.lbl.gov/indico/event/939/contributions/4371/attachments/2162/2812/DarkSRF-Aspen.pdf


BROADBAND APPROACH

tint ⇠ 5 years B ⇠ 0.2 T V = m3
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PRELIMINARY!
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<latexit sha1_base64="/e7EjVxzhVqlek1WHDQGQbnnwdY="></latexit><latexit sha1_base64="/e7EjVxzhVqlek1WHDQGQbnnwdY="></latexit><latexit sha1_base64="/e7EjVxzhVqlek1WHDQGQbnnwdY="></latexit><latexit sha1_base64="/e7EjVxzhVqlek1WHDQGQbnnwdY="></latexit>

PRELIMINARY!

10-22 10-20 10-18 10-16 10-14 10-12 10-10 10-8 10-6 10-4
10-19
10-18
10-17

10-16
10-15
10-14

10-13
10-12
10-11
10-10
10-9

�Hz mHz Hz kHz MHz GHz

ma [eV]

g a
��

[G
eV

-
1 ]

frequency = ma /2�

A
D
M
X

re
so
na
nt

ca
vt
ies

QC
D
ax
ion

ALP D
M (� ~ 1)

SN1987A �

CAST

CMB

50 �0 /Qint
10 �0 /Qint
<< �0 /Qint



OVERCOUPLING

Ssig(!) !
Q1

Qcpl
Ssig(!)
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Overcoupling preserves the SNR in each frequency bin, but allows for bigger 
scan steps

Quantum noise floor
(amplifier)


